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1. Voor h e t a n t h e r e - o p e n i n g s p r o c e s i n d i v e r s e p l a n t e s o o r t e n d i e n e n de 0 -
vormig ve rd ik t e endotheciumcelwanden de locu lus n i e t a l l e e n open, doch in 
een vroegere fase ook d i ch t t e buigen. 
Di t p r o e f s c h r i f t . 
2 . He t i s o n j u i s t t e v e r o n d e r s t e l l e n d a t r e c e n t e w e t e n s c h a p p e l i j k e 
l i t e r a t u u r de kennis van a l l e voorafgaande omvat. Bi j herhaald re fe re ren 
b l i j k t in format ie ve r lo ren t e gaan. 
Di t p r o e f s c h r i f t . 
3 . De v r a a g v a n u i t de v e r e d e l i n g s p r a k t i j k n a a r m a n n e l i j k e s t e r i l i t e i t i n 
d ive r se gewassen r ech tvaa rd ig t een i n t e n s i v e r i n g van h e t onderzoek naar 
de belnvloedbaarheid van h e t anthere-openingsproces. 
Dit p r o e f s c h r i f t . 
4 . Ten onrechte z i j n de b i j micro- en macrogametogenese aan e lkaar grenzende 
g e n e t i s c h i d e n t i e k e h a p l o i d e c e l l e n t o t voor k o r t n i e t met een s n e l l e 
p roduc t i e van i n t e e l t l i j n e n in verband gebracht . 
C.J . Kei jzer (1984). Landbouwkundig T i j d s c h r i f t 7 /8 : 21-26. 
5 . Mede door h e t g e b r u i k de ogen t e s l u i t e n wanneer men de neus i n een bos 
b loemen s t e e k t , z i j n d i v e r s e eenvoud ig waarneembare f a s e n van h e t 
p l an t aa rd ige voor tp lan t ingsproces s l e c h t s b i j een r e l a t i e f k l e i n publ iek 
bekend. 
6. De mate w a a r i n de Wageningse promovendus e r i n s l a a g t i n h e t k w a r t i e r 
voorafgaand aan de openbare verdediging van haar of z i j n p r o e f s c h r i f t de 
inhoud ervan aan een ondeskundig publ iek du ide l i jk t e maken, d ien t mee t e 
wegen i n de beoordel ing. 
7. Wie een Van Leeuwenhoek-microscoop namaakt volgens de r e c o n s t r u c t i e van 
Walter en Via, kan onvoldoende nagaan waarom onze Delf tenaar een be t e r e 
k i j k op de zaken had dan z i j n t i jdgenoten . 
W.G. Walter and H. Via (1968). The American Biology Teacher 8: 537-539. 
8. Door bij de tenorbanjo, naast de reeds bekende aanpassingen, de snaar- en 
velspanning te benutten om de klankbodem tegen de ketel te spannen, 
ontstaat een instrument dat zelfs de koperblazers van beginnende 
Dixieland-orkestjes kan overstemmen. 
9. Voor het optimaliseren van de snelwandeltechniek kan een analyse van 
zowel de bipede als quadrupede voortbeweging van sommige amfibieen en 
reptielen van belang zijn. 
R. McNeill Alexander (1975). The Chordates. Cambridge University Press. 
10. De invoering van electronische hulpmiddelen voor scheidsrechterlijke 
beslissingen komt de tennissport als spektakel niet ten goede. 
F.L.M. Vossenaar en C.J. Keijzer (1983) in: De ideeen liggen op straat. 
J.W. Thompson, Amsterdam, p.37. 
11. De gewoonte van het ANP om een kruispunt tegenwoordig als knooppunt te 
betitelen/ maakt het verder overbodig mee te delen dat de zaak daar weer 
eens vast zit. 
12. Het is een beleefd gebaar van het IOC om belangrijke beslissingen pas te 
nemen nadat een daarin geinteresseerd promovendus de verdediging van zijn 
proefschrift in alle rust heeft kunnen voorbereiden. 
Wageningen, 17 oktober 1986 C.J. Keijzer 
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If a chapter of this thesis is used as a reference in the text, the 
abbrevation "ch." is often used. 
Introduction 
A d e t a i l e d knowledge of the development and d i s p e r s a l of angiosperm po l l en 
i s i m p o r t a n t fo r bo th b i o l o g i s t s and p l a n t b r e e d e r s . The f i r s t r e p o r t s on 
t h i s t o p i c appea red a s e a r l y a s i n t h e 17th c e n t u r y i n t h e l e t t e r s of Van 
Leeuwenhoek and the work of Grew. During the second half of the l a s t century, 
t h e d i f f e r e n t s t a g e s of p o l l e n deve lopment were d i s c o v e r e d . B e s i d e s , t h e 
importance for p l a n t breeders became evident a f t e r the ( re- )discovery of the 
Mendel l a w s . Around t h e t u r n of t h e c e n t u r y French and German b i o l o g i s t s 
publ ished many works on the d i f f e r e n t s t eps of the anther dehiscence p rocess , 
w i t h a s t r o n g t e l e o l o g i c a l a p p r o a c h . T h e s e w o r k s c o n c e r n e d l i g h t 
m i c r o s c o p i c a l o b s e r v a t i o n s of l i v i n g t i s s u e s t o g e t h e r w i t h s i m p l e , b u t 
i n g e n i o u s m i c r o m a n i p u l a t i o n s . A f t e r 1930 t h e a t t e n t i o n on t h e d e h i s c e n c e 
p r o c e s s f aded , whereas t h e l i g h t m i c r o s c o p i c a l i n v e s t i g a t i o n s on t h e 
g e n e r a t i v e r e p r o d u c t i o n p r o c e s s e s c o n t i n u e d . From t h e e a r l y 1960's t h e 
e l e c t r o n microscope and modern phys io log ica l techniques revealed many of the 
processes of microsporo- and microgametogenesis in g rea t d e t a i l . These works 
mainly focussed on the po l l en and tapetum development and were summarized in 
some exce l l en t reviews. The mechanical processes in the stamen s t i l l rece ived 
l e s s a t t e n t i o n i n t h e s e y e a r s and most of t h e o l d e r works seemed t o be 
f o r g o t t e n , g iven t h e f l a w s and t h e c a l l f o r r e s e a r c h on t h i s t o p i c i n some 
bo tan i ca l s tandard works. Accordingly, d e t a i l e d work on the e n t i r e stamen did 
not e x i s t . In t h i s t h e s i s the c l a s s i c a l and modern techniques were combined 
t o i n v e s t i g a t e t h e s t amen as a f u n c t i o n a l u n i t fo r p o l l e n p r o d u c t i o n and 
d i s p e r s a l r e spec t ive ly . 
Chapter 1 
HYDRATION CHANGES DURING ANTHER DEVELOPMENT 
C.J. Kei jzer 
Summary 
The h y d r a t i o n changes of t h e a n t h e r t i s s u e s of G a s t e r i a v e r r u c o s a a r e 
followed from meiosis t o dehiscence. The water percentage of the locu le wa l l 
i s a b o u t c o n s t a n t d u r i n g t h i s d e v e l o p m e n t , i n s p i t e of r e m a r k a b l e 
h i s t o l o g i c a l changes. The water percentage of the locu le conten ts i s about 
cons tan t during the microspore s t ages . Shor t ly before matura t ion the po l l en 
gra ins take up water from the surrounding t i s s u e s . The water percentage of 
the locule wa l l decreases s t rong ly a t a n t h e s i s , t h a t of the locule contents 
a t deh i scence . 
V e n t i l a t i o n i n s ide the f lower bud leads t o des i cca t ion of the an thers by 
e v a p o r a t i o n . S h o r t l y b e f o r e a n t h e s i s t h e l o c u l e w a l l can e v a p o r a t e much 
f a s t e r t h a n i n e a r l y d e v e l o p m e n t a l s t a g e s , whereas i t p r o t e c t s t h e p o l l e n 
gra ins aga in s t dehydration as long as the anther i s closed. 
Introduction 
With regard t o anther development l i t t l e a t t e n t i o n has been pa id t o water 
d i s p l a c e m e n t s . Humidi ty p l a y s an i m p o r t a n t r o l e s i n c e f o r example a f t e r 
meiosis the locu la r f l u i d i s the connection between the microspores and the 
s u r r o u n d i n g t a p e t u m . Changes i n w a t e r c o n t e n t were o f t e n men t ioned i n t h e 
explanat ion of the opening of the anther . S t rassburger (1902) and Schneider 
(1911) r e l a t e d the swe l l i ng po l l en mass t o an ther opening. Furthermore t h e 
ou tward b e n d i n g of t h e l o c u l e w a l l , caused by t h e d e h y d r a t i n g endo thec ium 
c e l l s , i s a we l l known process . Schmid (1976) r e p o r t s the d i s rup t ion of the 
xylem in s t r e t c h i n g f i l amen t s of d i f f e r e n t species a t a n t h e s i s . This would 
h a n d i c a p t h e f u r t h e r supp ly of w a t e r t o t h e a n t h e r s . E r i c k s o n (1948) 
determined the f resh and dry weights of Lil ium an thers during development and 
found a sharp decrease of the fresh weight at dehiscence. 
In this chapter the water contents of different tissues during anther 
development are determined in order to clarify some aspects of tissue 
interactions and anther dehiscence. 
Materials and methods 
Developing anthers of Gasteria verrucosa (Mill.) H.Duval were decapitated 
and some of the tissues were separated as follows. The locule contents, being 
pollen and locular fluid, were collected. Next the connective tissue was 
removed with a razor blade, so leaving the locule wall. This "wall" consists 
of an epidermis, an endothecium, one middle layer and a tapetum. At the 
connective side the epidermis is absent. Light microscopical control ensured 
the correct separation of the tissues. Fresh weights of the walls of two 
adjacent locules as well as the locular contents were quickly measured. Dry 
weights were measured after heating the tissues for 16 hours at 70 degrees C. 
The fresh weights were measured 45, 60 and 75 seconds after the anther 
opening and these data were extrapolated to 0 seconds, i.e. the moment of the 
anther opening. This was done to overcome the effect of evaporation during 
the preparation work. From these data the water percentage was calculated. 
The fresh weight was taken as 100%. 
In order to test the anther evaporation ability in different developmental 
stages, the inside of the closed flower bud was ventilated. For this pupose a 
micropipette was pushed through the base of the perianth into the flower bud. 
Next an air outlet was made by means of a needle hole in the top of the bud. 
The pipette was connected with an airpump at a pressure of 0.05 kg/square cm. 
This treatment led to anther dehydration and lethality in all tested stages 
within 4-10 days. 
Results and discussion 
1. Water percentages in the developing anther. 
In fig.1 the water percentages of the tissues are presented in the 
different stages of anther development. Our values agree with the findings of 
Linskens (1967), who found values around 82% for the entire anther during the 
main part of the development in Petunia hybrida. In the youngest stages, i.e. 
from meiosis to just after microspore mitosis (until line 1), the water 
percentage of the locule wall is a little higher than that of the locule 
contents. The fresh and dry weights of the entire anther are increasing 
during these stages. The locule wall undergoes no remarkable histological 
changes. On the contrary, the microspores vacuolate and undergo their first 
mitosis. Besides, the pollen walls are formed and reserve substances are 
stored. In spite of these processes the water percentages of both the locule 
wall and the locule contents remain about constant. 
Between the lines 1 and 2, i.e. the period of pollen swelling, the water 
percentage of the locule contents increases, whereas that of the locule wall 
remains about constant. This disagrees with the findings of Linskens (1956) 
who found a decrease of a few percent for the entire anther in this period. 
In these stages some remarkable histological changes occur. Within a short 
period of time epidermis and endothecium cells swell by vacuolation. 
Moreover, the endothecium cells stretch in radial direction, enlarge their 
vacuoles and deposit their characteristic U-shaped wall thickenings. 
The volume of the tapetum cells decreases, a process which started somewhat 
earlier. These changes appear to be due to an equal increase of both water 
and dry matter. Besides, the walls between two adjacent locules as well as 
the stomium are opened during this period. These opening processes occur 
inside the closed flower bud. 
In the locule the capacity of the pollen grains increases, while the 
surrounding locular fluid disappears, a process which is completed at about 
line 2. This fluid is presumably taken up by the pollen grains, that finally 
are the only contents of the locule, together with some tapetum-derived 
pollenkitt. The increase of the water percentage of the entire locule 
contents indicates a transport of liquid from or through the locule wall into 
the locule. This can be explained in three different ways which are not 
mutually exclusive. Firstly, water may come from the disappearing tapetum 
cells. Secondly, parenchyma cells are released during the enzymatic opening 
of the tissue between two adjacent locules, as a preparation on the 
dehiscence. These cells are ruptured between the pollen grains and lose their 
water. Thirdly, transport of water from the filament or the connective tissue 
to the locule is probable as the fresh weight of the anther is still slightly 
increasing during this period. 
Shortly before anthesis, between the lines 2 and 3, the water percentage 
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loss through the opened stomium into the closed flower bud. 
At anthesis (line 3) the relative humidity around the anthers decreases 
sharply and the locule wall loses its water rapidly by evaporation. This 
agrees with the findings of Erickson (1948). The result is the outward 
bending of the locule wall, i.e. dehiscence (line 4), by the wall thickening 
mechanism of the endothecium cells. The pollen grains start to shrink once 
they are in contact with the open air. From that moment the j*ater percentage 
of the locule contents decreases sharply. The pollen grains iremain stuck to 
each other and to the outward bending locule wall. The final water 
percentages of the tissues depend on the relative humidity of the air. 
2. Effects of the ventilation of the flower buds. 
Fig.2 shows the effects of three ventilation treatment s (starting at 
points 1, 2 and 3) on the water percentages. The anther tissu< s lose water in 
spite of the presence of a cuticle, but presumably thanks to 
opened stomata on the connective tissue. In the younger stagis (points 1 and 
2) the loss of water from the locule wall is followed by a loss from the 
locule contents. In comparison with the reaction after ant lesis (point 4), 
which is a "natural ventilation", the decrease from points 
slower. In these stages the locule wall is thinner than 
1 and 2 is much 
in point 4 and 
consists of more cell layers. Moreover, the epidermis and eidothecium cells 
are less vacuolated. However, shortly before anthesis (point 
fully differentiated and loses its water much faster than in earlier stages. 
behaving like in point 4. It looks like being prepared for 
only consists of the highly vacuolated epidermis and endothe :ium, the latter 
with its wall thickenings. The dehydrating anthers of point 
3), the wall i s 
des icca t ion . I t 
3 mostly remain 
closed, due to a disturbance of the enzymatic opening mechanism of the wall 
between two bordering locules. This may explain the slower decrease of the 
water percentage of the locule contents from point 3 the n from point 4 
Moreover, the pol len grains general ly take up water in 1 h i s s tage . This 
process may be continued during the ventilation. 
In a l l the points (1-4) any water supply through the filament cannot keep 
up with the evaporation. Any xylem gaps in the f i lament 
Schmid (1976) cannot be found in t h i s species . However, 
possible causes mentioned above, the differences between the 
may also be related to the rate of water supply, which may ciange, due to any 
other barr ier in the filament. 
as described by 
apar t from the 
four treatments 
Chapter 2 
THE PROCESSES OF ANTHER DEHISCENCE AND POLLEN DISPERSAL. 
1.THE OPENING MECHANISM OF LONGITUDINALLY DEHISCING ANTHERS. 
C.J. Keijzer 
Summary 
The process of anther opening is followed in different species by means of 
light and electron microscopical techniques, stereo microscopical observation 
inside living tissues and micromanipulation. From these data and a review of 
the mainly very old literature on this subject, the opening process has been 
outlined. It consists of the following steps: 1. Expansion of the epidermis 
and endothecium cells and deposition of U-shaped wall thickenings inside the 
latter. 2. Enzymatic opening of the septum between two locules. 3. Mechanical 
rupture of the tapetum. 4. Mechanical opening of the stomium by the 
centripetal force of the highly turgescent epidermis and endothecium. 5. 
Outward bending of the locule walls by the centrifugal force of the 
dehydrating epidermis and endothecium. As the steps 4 and 5 clearly reflect 
the mechanical functions of the two latter tissues, the role of the other 
anther tissues and the filament are discussed. 
Introduction 
Since the discovery and naming of the endothecium by Purkinje (1830), many 
botanists have investigated the processes of anther dehiscence. Most of this 
work was carried out around the turn of the century with living tissues, 
using light microscopy and micromanipulation. French authors (Chatin,1870a, 
b,c; Leclerc du Sablon,1885) were the first to distinguish two different 
steps in the process: firstly the tissue between two adjacent locules, called 
the septum (Venkatesh,1957), was disrupted. Next, the thus created cavity was 
opened by means of one slit, called the stomium (Coulter and Chamberlain, 
1903). The earliest German investigators claimed the force of the desiccating 
endothecium to cause the opening of both tissues (Schrodt,1885,1901; 
Steinbrinck,1895, 1909). On the contrary, Chatin (1870b) had found that the 
anther was also opened in case the endothecium lacked any wall thickenings, 
as in Lycopersicon sp. Strasburger (1902) reported the growing pollenmass to 
disrupt the septum and lytic enzymes to open the stomium. Schneider 
(1908,1909,1911) related the opening of both tissues to the pressure of the 
growing pollen. However, Steinbrinck (1909) found a normal opening process in 
anthers that were not completely filled with pollen. Namikawa (1919) and 
Becquerel (1932) supposed the activity of lytic enzymes in both the septum 
and the stomium. Woycicki (1924a) prevented pollen pressure with a 
longitudinal cutting in the locule wall, which was followed by the opening of 
the septum. He reported pectinase activity for the septum opening. 
Furthermore he reported that the stomium was opened mechanically by the 
sudden swelling of the bordering epidermis cells (Woycicki,1924b). Fifty 
years earlier Chatin (1870a) had already supposed that the swelling epidermis 
cells in some species might have a function in the opening process. 
Most of the authors related the role of the desiccating endothecium only 
to the final outward bending of the two disconnected locule walls. Chatin 
(1870b) could prevent this bending by raising the relative humidity and 
concluded that evaporation caused the dehydration of the endothecium. Hannig 
(1910) demonstrated that daylight could raise the temperature in pigmented 
anthers, which increased the evaporation, even in humid circumstances. 
Contrary to evaporation, Burck (1906) reported retraction of water from the 
anthers through the filament to the nectaries, but this observation disagreed 
with later works of Hannig (1910), Wolff (1924) and Schmid and Alpert (1977). 
Another question was whether the endothecium was the only tissue responsible 
for the bending of the locule wall. Bonnier and Leclerc du Sablon (1903) 
tested this by mechanically removing the epidermis, which did not influence 
the behaviour of the locule walls. Schneider (1908) obtained the same result 
with isolated endothecium wall thickenings. Moreover he found the isolated 
epidermis even to bend centripetally in both wet and dry conditions, so 
contrary to the final force of the endothecium. These findings agreed with 
the behaviour of anthers with a naturally reduced epidermis (Chatin, 1870a; 
Staedler,1923). 
On the question whether the desiccation process in the endothecium cells 
has a hygroscopic or a cohesive background, many reports are available. The 
former mechanism, located in the cell wall, was accepted by Leclerc du Sablon 
(1885), Brodtmann (1898), Steinbrinck (1909) and Schips (1913). Schwendener 
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(1899) and Colling (1905) found dehiscence to occur after all the water had 
disappeared from the cells and concluded a hygroscopic mechanism. However, in 
later years cohesive forces, located in the cell lumen, were more and more 
accepted (Schneider, 1908; Hannig,1910; Steinbrinck, 1 91 5; Haberland, 1924; Von 
Guttenberg,1926; Straka,1962). Brodtmann (1898) and Schneider (1908) isolated 
the U-shaped wall thickenings from the endothecium cells. The latter found 
them to bend inward (closing the U-configuration) during desiccation, which 
in fact means a hygroscopic effect. Canright (1952) believed both types of 
mechanisms to play a role, a conclusion that is also drawn in the work of 
Schmid (1976). 
In recent reports the preceding steps of the opening process were only 
incidentally reported (Horner and Wagner,1980; Cheng, Cheng and Huang,1981). 
The only authors who recently focussed on this topic, investigated the role 
of the filament (Schmid,1976; Schmid and Alpert,1977). Until now, no detailed 
description of the process of anther dehiscence can be found. Moreover, most 
of the old reports seem to be forgotten or unread. A precise knowledge of 
cytological and physiological processes of the dehiscence mechanism can open 
new ways for manipulations. A simple way to prevent dehiscence is welcome as 
it will also prevent pollen exposure, which has the same effect as male 
sterility. This is interesting for plant breeders, as Wyatt (1984) showed 
recently with a selected non dehiscent Phaseolus vulgaris L. line. Non-
dehiscent anthers are frequently observed after chemical induction of male 
sterility (Laible,1974). 
In this chapter most experiments from the old reports were checked and new 
experiments were added. The main steps of the opening process take place 
between two adjacent locules and are not visible from the outside of the 
anther. To observe this site, the anther had to be opened, which might 
disturb or prevent physiological processes, including mechanical forces 
caused by tensions of the tissues. Moreover, cutting the living tissue 
appeared to break the weak connections in this area easily. To overcome these 
problems special techniques were used to approach the opening site. 
Experimental and micromanipulation work was combined with current 
microscopical techniques. On this topic three lecture abstracts were 
published before (Keijzer,1983b,1984b,1985a). 
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Materials and methods 
In this study on longitudinally dehiscing anthers most of the observations 
were carried out on Gasteria verrucosa (Mill.) H.Duval and Lilium hybrid cv. 
Enchantment, both Liliaceae. To clarify certain special steps of the process, 
some specially chosen species were used, like Fuchsia coccinea Ait. 
(Onagraceae), Ipomoea purpurea Roth (Convolvulaceae), Hippeastrum hybrida cv. 
Apple Blossom (Amaryllidaceae), Eucharis grandiflora Planch, et Lind. 
(Amaryllidaceae), Nicotiana tabacum L. and Lycopersicon esculentum Mill, 
(both Solanaceae). 
For light microscopical observations, carefully made thick fresh cuttings 
(0,5 mm) were immersed in the clearing solution of Herr (1971), after which 
the desired depth in the tissue could be chosen with a Nikon Optiphot 
microscope with interference contrast equipment (Nomarski). 
For ultrastructural observations intact anthers were fixed in 5% glutar 
aldehyde during 4 hours and 1% osmium tetroxide during 1 hour, both in 
cacodylate buffer, pH 7.2 at room temperature. The specimens were dehydrated 
in a graded ethanol series, embedded in the low viscosity resin of Spurr 
(1969) and observed in a Philips EM 301 at 60 kV. 
To observe processes inside living anthers, flower buds were decapitated 
with a razor blade, covered with a heavy cover slip and observed with a high 
magnification stereo microscope (up to 160x) under glassfiber directed, cold 
light (150 W) (figs.1,2 and 3). Under these conditions anther development 
continued in a normal way. For manipulatory experiments a Leitz micro 
manipulator with ultrathin glass pipettes was used. 
To estimate the osmotic pressure inside living cells the visual melting 
point method of Bearce and Kohl (1970) was used. 
Results 
1. Cytological changes concerning anther dehiscence. 
The anther of Gasteria verrucosa consists of two thecae, bound together by 
a connective tissue with a central vascular bundle. Each theca contains two 
locules which both dehisce by means of one longitudinal slit. An anther 
morphology like this is representative for most of the the Angiosperm 
species. The "wall" of each locule consists of four different single layered 
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tissues: an epidermis, an endothecium, a middle layer and a tapetum (fig.4). 
Facing the connective tissue the epidermis is absent and here parenchyma 
borders the endothecium. 
The first observable cytological changes concerning the anther opening 
start when the generative cell of the pollen grain is being tied off from the 
intine. In this stage the cells of the epidermis and the endothecium 
gradually lose part of their starch and start to expand in both tangential 
and radial direction by means of the enlargement of their central vacuole. At 
the same moment the characteristic U-shaped wall thickenings are deposited in 
the endothecium cells (fig.5). Both these processes occur rather quickly. 
However, in a small zone between two bordering locules, a few endothecium 
cells remain small and don't develop U-shaped wall thickenings but posses 
thickened corners (fig.5). The cells in this zone lack any starch (fig.6) and 
are much longer in longitudinal direction than the bordering cells of the 
endothecia, the middle layers and the connective tissue (fig.7). Given these 
differences and the deviating behaviour later on, one can define these cells 
not to belong to the latter three tissues and we call this zone the septum, 
according to Venkatesh (1957). Accordingly, the only tissue that develops 
uniformly around the whole locule is the tapetum. A few epidermis cells 
facing the septum don't expand like the rest of the epidermis. Also these 
cells are much longer in longitudinal direction, a site called the stomium 
(Coulter and Chamberlain,1903). 
The second important change concerning anther dehiscence occurs shortly 
after these changes in the epidermis and endothecium. All the cells of the 
septum dissociate from each other and from the bordering tissues. This 
process starts with the formation of gaps in the middle lamella, which extend 
all around the cells (fig.8). The tapetum cells, however, remain connected to 
each other. They keep the locules closed and hold the dissociated septum 
cells in their original position (fig.9). In this stage the tapetum cells are 
only surrounded by sporopollenin containing membranes, the inner tangential 
one bearing the orbicules (fig.8). 
After this stage the tapetum cells bordering the septum disrupt after the 
expansion of the individual pollen grains. This continuous expansion starts 
after the release of the microspores from the meiotic callose wall (Keijzer, 
1983b). From the stage in which the generative cell is completely tied off 
from the intine, the volume of the pollen mass exceeds the capacity of the 
locules and the slit in the septum widens by which the tapetum is broken. 
This moment can be seen clearly in the anthers of Fuchsia coccinea, which 
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have a very wide septum (fig.10). From t h i s moment the po l len popula t ions of 
each two b o r d e r i n g l o c u l e s make c o n t a c t w i t h each o t h e r ( f i g . 1 1 ) . The 
s e p a r a t e d c e l l s of t h e septum may have been d i s s o l v e d c o m p l e t e l y by t h i s 
t i m e ; i f no t s o , t h e y can be obse rved be tween t h e p o l l e n g r a i n s ( f i g . 1 2 ) . 
Anyway they can be d i s loca t ed in an e a r l i e r s tage a f t e r a r t i f i c i a l l y breaking 
t h e t a p e t u m by m i c r o m a n i p u l a t i o n ( f i g -13 ) . From t h i s moment t h e a n t h e r i s 
c losed only by the smal l epidermis c e l l s of the stomium (fig.14). 
The t a n g e n t i a l s w e l l i n g of t h e e p i d e r m i s and t h e endo thec ium c e l l s 
e n l a r g e s t h e c i r c u m f e r e n c e of t h e l o c u l e w a l l . However, because t h e i n n e r 
t a n g e n t i a l wa l l s of the endothecium c e l l s a re r i g i d due t o the in terconnected 
U-shaped wal l th icken ings , the circumference of the i n s ide of the locu le wa l l 
1. A method t o o b s e r v e p r o c e s s e s i n s i d e l i v i n g a n t h e r s w i t h a s t e r e o 
m i c r o s c o p e (SM). A d e c a p i t a t e d f l o w e r b u d of L i l i u m h y b r i d cv. 
Enchantment i s h e l d i n i t s p o s i t i o n by a clamp (C), c l o s e d w i t h a 
cover s l ip in p l a s t i c r i ngs (CS) and i l l u m i n a t e d with g l a s s f i b e r d i r ec t ed 
c o l d l i g h t (L). 
2 . View through the cove r s l ip i n t o the flower bud of f i g . 1 . The base of the 
f l o w e r i s s u r r o u n d e d by wet p a p e r (P) , which i s h e l d i n i t s p o s i t i o n 
between two lower s i t u a t e d p l a s t i c r i ngs . (4x) 
3 . A s t i l l c o m p l e t e l y c l o s e d a n t h e r i n t h e f l o w e r of f i g . 2 . Note t h e l a r g e 
epidermis c e l l s (LE) near the stomium. (25x) 
4 . The o p e n i n g a r e a of t h e Gj_ v e r r u c o s a a n t h e r . E p = e p i d e r m i s , En= 
endothecium, ML=middle l aye r , T=tapetum. Thick f resh c u t t i n g c lea red wi th 
Herr 's so lu t ion and observed w i t h an i n t e r f e r e n c e c o n t r a s t m i c r o s c o p e . 
(625x) 
5. The epidermis and endothecium c e l l s of G^ verrucosa s w e l l and U-shaped 
wa l l th ickenings a re deposi ted in the endothecium c e l l s , t he c e l l s of the 
septum (S) possess thickened corners . Same technique as f ig .4 . (560x) 
6. In the septum (S) of Li l ium hybrida cv. Enchantment the absence of s t a r c h 
i s c l e a r l y v i s i b l e , c o n t r a r y t o t h e b o r d e r i n g t i s s u e s . E p = e p i d e r m i s , 
En=endothecium, C=connective t i s s u e . S ta ined wi th IKI. (800x) 
7. View from ins ide the locu le towards the septum (S) of G^ verrucosa. Note 
t h e l o n g i t u d i n a l l e n g t h of t h e c e l l s as compared w i t h t h o s e of t h e 
endothecium (En). Same technique as f ig .4 . (1400x) 
9. The c e l l s of t h e septum (S) of G. v e r r u c o s a c o n t i n u e t h e i r d i s s o c i a t i o n 
whi le the t a p e t a (T) keep the locules closed. (560x) 
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is fixed. This combination of an enlarging outside and a fixed inside bends 
the locule wall inward. Next the small epidermis cells of the stomium 
dissociate and the two locule walls bend further inwards (fig.15). The 
epidermis cells bordering the small ones work as a turning point, which is 
also clearly visible by the complementary molds of their cuticles (fig.16). 
In some species (e.g. Lilium spp.) these stomium bordering cells expand to a 
larger extent than the other epidermis cells (fig.3). The dissociation of the 
small epidermis cells is not preceded by visible gaps in the middle lamella 
like between the cells of the septum (fig.16). They remain unchanged until 
the sudden opening of the stomium, after which they all remain present and 
connected to the two locule walls. From this moment the locules are open, 
although their walls remain in the inward bent position (fig.15). This 
configuration of locule walls pressed tightly against the pollen remains 
until anthesis. All the steps mentioned above occur inside the closed flower 
bud. 
At anthesis the cells of the epidermis and endothecium lose most of their 
water and shrink, the thickened walls of the endothecium to a lesser extent. 
Contrary to the inward bending mechanism of the former step, this bends the 
locule walls outward. As evaporation appears to be the main reason for this 
rapid loss of water, this process can be shown in the high vacuum of the SEM 
8. Gaps appear in the middle lamellae of the cells between the septum (S) 
and the epidermis (Ep) of G^_ verrucosa. Deeper in the septum the 
intercellular spaces have enlarged and are filled with pollenkitt (Pk). 
The tapetum cells contain only pollenkitt and tryphine and are bordered 
by sporopollenin containing membranes, partially covered with orbicules 
(0). (1925x) 
10. The cells of the septum of Fuchsia coccinea have disappeared. The 
expanding pollen have broken the tapetum of the left locule (L), the 
other tapetum (R) is still closed, as is the stomium (St). Fresh cutting 
in water. (440x) 
11. The two pollen populations of G. verrucosa have broken the tapeta and 
make contact with each other. Same technique as fig.4. (500x) 
12. Detail of fig. 11. The cells of the septum (S) continue their dissociation 
between the pollen grains (Pg). (1980x) 
13. A dissociated septum cell (S) of G^ verrucosa is set free after 
artificially breaking the septum. Same technique as fig.4. (780x) 
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(fig.17). As the length of the bar-supported endothecium walls is not 
absolutely fixed, the locule walls shrink in both tangential and longitudinal 
direction (figs.17 and 18). Beside the epidermis and the endothecium, the 
other anther tissues as well as a small apical part of the filament also 
dehydrate. 
In G^ verrucosa, as in most of the animal pollinated species, pollenkitt 
and tryphine stick the pollen on the anther, equally distributed over the 
entire, shrunken locule walls. This is the final configuration of the 
dehisced anther (figs.17 and 18). 
2. Additional observations in other species. 
Apart from Gasteria verrucosa and Lilium hybrida, we observed some other 
species, because of their declining behaviour during different steps of the 
opening process. 
In Ipomoea purpurea Roth the volume of the pollen does not exceed the 
14. The same configuration as fig.11. after removal of the pollen. The anther 
is closed only by the small epidermis cells (Ep). Same technique as 
fig.4. (780x) 
15. The stomium of G. verrucosa is opened due to the inward bending locule 
walls. Facing this stomium, some septum cells (S) are still connected to 
the connective tissue (C). Same technique as fig.4. (780x) 
16. The outer tangential wall of the stomium bordering epidermis cells (Ep) 
of G. verrucosa work as a turning point and form complementary 
templates. The radial walls (W) between the small epidermis cells are 
still intact. (1100x) 
17. A fresh anther of G^ verrucosa bends open due to evaporation in the 
vacuum of the scanning microscope. This is soon followed by the 
desiccation of the pollen, resulting in charging in the final stages. 
(24x) 
18. The transversely cut desiccated anther of Lilium hybrid cv. Enchantment 
shrinks strongly. It is covered with pollen, thanks to the sticking 
pollencoatings. Technique of fig.1. (45x) 
19. The final configuration inside the closed flower bud of Lilium hybrid cv. 
Enchantment. The inward bent locule walls have broken the tapeta and keep 
the pollen inside the opened anther. Technique of fig.1. (42x) 
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capaci ty of the locule and accordingly cannot break the tapetum. The l a t t e r 
i s broken contemporary wi th the opening of the stomium. 
Premature opening of the stomium before the opening of the septum, t h a t 
we could induce by manipulat ion, may occur spontaneously in Ipomoea purpurea 
Roth, some t imes r e s u l t i n g i n asynchronous open ing of t h e two b o r d e r i n g 
l o c u l e s . 
In Nicot iana tabacum L. we found the opening of the stomium t o take p lace 
a f t e r a n t h e s i s . 
In Ipomoea p u r p u r e a Roth and E u c h a r i s g r a n d i f l o r a P l anch , e t Lind. t h e 
o u t w a r d bend ing of t h e l o c u l e w a l l s o c c u r s b e f o r e a n t h e s i s i n t h e c l o s e d 
f l o w e r bud. On t h e c o n t r a r y , i n Hippeas t rum h y b r i d a cv. Apple Blossom and 
Allium spp. t h i s process may take p lace a few days a f t e r a n t h e s i s . 
3. Experimental approach of the processes . 
To r e v e a l t h e d i r e c t c a u s e s of t h e p r o c e s s e s t h a t we o b s e r v e d , some 
manipulat ions were c a r r i e d out , us ing s t e r e o , l i g h t and e l ec t ron microscopy. 
a. The opening of the septum. 
To t e s t whether the outward bending endothecium can open the septum, t h e 
p e r i a n t h was removed from G. v e r r u c o s a and L. h y b r i d a f l o w e r s i n s i t u j u s t 
before the s tage in which we observed the f i r s t gaps in the middle l amel lae 
of t h e septum c e l l s . D e s i c c a t i o n by open a i r , dry a i r ( r .h . 35%), o r even 
p r o c e e d e d h e a t i n g d i d no t open t h e sep tum. To c o n t r o l w h e t h e r t h e f o r c e of 
the endothecium was indeed d i r ec t ed outward in these cases , t he septum was 
opened by m i c r o s e c t i o n i n g . Given t h i s s i t u a t i o n , t h e c r e a t e d s l i t i n t h e 
septum widened i m m e d i a t e l y , i n d i c a t i n g an o u t w a r d d i r e c t e d f o r c e . On t h e 
cont ra ry , when dehydration of the endothecium was prevented by f i l l i n g the 
flower bud wi th water v ia a mic rop ipe t t e , t he septum opened in a normal way 
a f t e r one or two days. 
To t e s t the theory of the p re s s ing po l l en (Strasburger , 1902; Schneider, 
1908,1909,1911) we removed t h e p o l l e n from t h e a n t h e r s of G. v e r r u c o s a i n 
s i t u by micromanipulat ion. After two days the septum was found open, while a 
con t ro l showed t h a t immediately a f t e r the manipulat ion i t was s t i l l c losed. 
In ca se t h e p o l l e n p l a y s a n o n - m e c h a n i c a l r o l e i n t h e open ing p r o c e s s , t h e 
experiment was repeated wi th j u s t p a r t i a l removal of po l l en , leaving most of 
i t i n the l ocu l e s , leading t o the same r e s u l t . 
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b . The d i s rup t ion of the tapetum. 
The opening of the tapetum as a separa te process has not been i n v e s t i g a t e d 
b e f o r e . At t h e s t a g e of i t s r u p t u r e t h i s c e l l l a y e r on ly c o n s i s t s of t h e 
t a p e t a l membranes and a smal l amount of p o l l e n k i t t and t ryphine . To observe 
t h e open ing p r o c e s s i n l i v i n g a n t h e r s we used t h e s t e r e o m i c r o s c o p i c a l 
technique (figs.1,2 and 3). In G^_ verrucosa and Fuchsia coccinea the swe l l ing 
p o l l e n mass was seen t o e n l a r g e t h e open ing of t h e sep tum, s t r e t c h i n g t h e 
e l a s t i c t a p e t a l membranes t o a c o n s i d e r a b l e e x t e n t u n t i l t hey b r o k e , i n 
general not synchronously in two adjacent locu les . In L^_ hybrida the po l l en 
does not exceed the capaci ty of the locule and here the tapetum was ruptured 
toge the r wi th the stomium by the inward bending of the locu le wa l l s ( f ig . 19). 
As t h i s i s a sudden movement, i t o c c u r s s y n c h r o n o u s l y i n two a d j a c e n t 
l ocu le s . In general i t i s easy t o demonstrate t h a t the force needed to break 
the t a p e t a l membranes i s very low. 
c . The opening of the stomium. 
Also for the opening of the stomium we t e s t e d the proposed causes from the 
l i t e r a t u r e , b e i n g t h e o u t w a r d bend ing endo thec ium ( S c h r o d t , 1885,1901; 
S t e i n b r i n c k , 1895, 1909), t h e p o l l e n p r e s s u r e (Schneider,1908,1909,1911) and 
t h e l y s i s of t h e c e l l w a l l s ( S t r a s b u r g e r , 1 9 0 2 ; B e c q u e r e l , 1 9 3 2 ) . For t h e 
f i r s t two we used t h e same methods a s f o r t h e septum o p e n i n g , l e a d i n g t o 
comparable r e s u l t s . Besides, we c o n t r o l l e d the suggest ion of Woycicki (1924b) 
t h a t t h e s tomium i s b roken m e c h a n i c a l l y by t h e sudden expans ion of t h e 
border ing epidermis c e l l s . As has been mentioned before , we observed not only 
t h e s e , bu t a l l t h e e p i d e r m i s c e l l s t o expand. In our s t e r e o m i c r o s c o p i c a l 
observat ions t h i s was followed by the inward bending of the locu le wa l l s and 
t h e m e c h a n i c a l d i s r u p t i o n of t h e s tomium ( f i g . 1 9 ) . We c o u l d a r t i f i c i a l l y 
e f f ec t these changes by f i l l i n g a decap i ta ted flower bud with water , a f t e r i t 
had s u f f e r e d some c h i l l i n g d u r i n g 24 h o u r s . I m m e d i a t e l y a f t e r t h e w a t e r 
s u p p l y , t h e e p i d e r m i s c e l l s expanded and t h e l o c u l e w a l l s b e n t i n w a r d , 
suddenly breaking the stomium. In t h i s way premature opening of the stomium 
could be induced, even before the opening of the septum, a s i t u a t i o n which i s 
shown i n f i g . 2 0 . The e x t e n t of t h e movement c o u l d be shown by removing t h e 
po l l en from the an the rs . Now the locu le wa l l s bent fu r the r inward, f i l l i n g 
t h e empty l o c u l e s (fig.21). 
We a l s o t e s t e d t h e s t a t e m e n t of Woycicki (1924b) t h a t an i n c r e a s i n g 
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osmotic p re s su re in the epidermis c e l l s precedes the water uptake. Indeed the 
v i s u a l mel t ing po in t method of Bearce and Kohl (1970) showed an inc rease of 
the osmotic p re s su re from 16.8 t o 28.1 bar over a per iod of 72 hours. 
d. The outward bending of the locule wa l l s . 
Concern ing t h e ou tward bend ing of t h e l o c u l e w a l l s we c a r r i e d ou t some 
experiments t o show the way of water loss from t h e an the rs . We removed t h e 
t e p a l s from an L^_ hybrida flower bud s h o r t l y before an thes i s and removed one 
s t amen from t h e r e c e p t a c l e . W i t h i n h a l f an hour a l l t h e a n t h e r s s t a r t e d t o 
bend open, t h e a n t h e r of t h e d i s s e c t e d s t amen j u s t 3-5 m i n u t e s e a r l i e r . 
Larger d i f fe rences were found when not a whole stamen, but only an anther was 
removed. The l a t t e r s t a r t e d t o bend open 10-12 minutes before the anthers i n 
s i t u . Al l these experiments were c a r r i e d out i n a r e l a t i v e humidity of about 
60%. 
20. Premature opening of the stomium (St) of Li l ium hybrid cv. Enchantment 
a f t e r the flower bud had been f i l l e d with water . The septum (S) i s s t i l l 
closed. Fresh c u t t i n g in water . (48x) 
2 1 . The same c o n f i g u r a t i o n as i n f i g . 19. , a f t e r r emova l of t h e p o l l e n . The 
l o c u l e w a l l s of L i l i u m h y b r i d cv. Enchantment bend i n t o t h e empty 
locu les (L). Fresh c u t t i n g in water . (27x) 
22. The d i f f e r e n t s t ep s of the dehiscence process . 
A. The depos i t ion of U-shaped wal l th ickenings in the endothecium revea l s 
the ex is tence of a s p e c i a l t i s s u e between two border ing locu le s : t he 
septum. 
B. The c e l l s of the septum d i s s o c i a t e by enzymatic l y s i s of t h e i r middle 
l ame l l ae , the border ing t a p e t a remain i n t a c t . 
C. The two t a p e t a a re broken mechanically, i n t h i s case by the expansion 
of the po l l en mass. 
D. The smal l epidermis c e l l s facing the septum, c a l l e d the stomium, a re 
broken mechanically by the inward bending of the two adjacent locu le 
w a l l s , which i s due t o w a t e r u p t a k e by t h e e p i d e r m i s and t h e 
endothecium c e l l s . 
E. The locu le wal l s bend outward due t o evaporat ion from the epidermis 
and t h e endo thec ium. The p o l l e n i s e q u a l l y d i s t r i b u t e d over t h e 




changes Forces caused by the tissues 
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To exclude a possible effect of the artificial opening of the perianth in 
this process, two micropipettes were pushed through the perianth into the tip 
and the base of the flower bud respectively. From one of these pipettes dry 
air (r.h.35%) was pumped through the bud, by which the other pipette served 
as an exit. When such flowers were opened after 30 minutes, the anthers had 
bent open completely. Heated air accelerated the process. On the contrary, 
when newly opened flower buds or dissected anthers were placed in a high 
relative humidity (98%) or even under water, the process was retarded or 
suppressed. 
Discussion 
Our microscopical observations show an anther opening process that can be 
divided into five steps as presented in fig.22. These steps will be discussed 
in chronological order, except the changes in the epidermis and the 
endothecium cells, which will be discussed together with the stomium opening 
and locule wall bending, as they appear to be functionally related to these 
two processes. 
1. The opening of the septum. 
Our observations suggest an enzymatical separation of the cells in the 
septum rather clearly. The development of holes near the middle lamella, not 
preferentially starting near the corners of the cells, indicate such a cause. 
Moreover the presence of completely separated intact cells makes a mechanical 
cause unlikely, as does the observation that the bordering tapetum remains 
intact. This conclusion agrees with observations of Woycickl (1924a), 
Becquerel (1932), Namikawa (1919) and Horner and Wagner (1980). The latter 
two reports even describe the total disappearance of the cells in the septum 
of Solanaceae. Woycicki (1924a) showed that the collenchyma-like cell walls 
mainly consists of pectin, indicating the necessity of pectinase to open the 
septum. Our experiments show that the force of the desiccated endothecium can 
not open the septum. On the contrary, the septum is being opened in case this 
force is artificially prevented or even when wall thickenings in the 
endothecium are absent as in Lycopersicum esculentum. Both Schrodt 
(1885,1901) and Steinbrick (1895,1909) who hypothesize this desiccating 
endothecium to break the septum, forget any lytical possibility in their 
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efforts to deny the theory of the swelling pollenmass. In our experiments the 
septum opened in a normal way after we removed (part of) the pollen from the 
locules. The opened septum that was found in male sterile anthers by 
Steinbrinck (1909) was also found in the male sterile Aloe vera (L.) Burm. 
fil. (ch.4) with degenerating, not expanding pollen. From these findings and 
the experiments of Woycicki (1924a) the conclusion can be drawn that also the 
pollen grains are not the cause of the dissociation of the septum cells, in 
spite of the reports of Strasburger (1902) and Schneider (1908,1909,1911). 
Enzymatical lysis of the middle lamella (and later on the cell walls) remains 
the most probable cause. 
2. The rupture of the tapetum near the septum. 
In the literature the rupture of the tapetum has never been reported 
before as a separate process. In general this tissue was considered to have 
disappeared by the time of septum opening. Indeed, the only observable 
resisting structures in this stage are the sporopollenin containing membranes 
(ch.3) as the cell walls have disappeared during meiosis. Our data show both 
the inward bending locule walls (in L. hybrida) and the outward pressing 
pollen (in G^_ verrucosa) to break these membranes. In our opinion no special 
mechanisms are developed to break them, but rupture occurs mechanically by 
any slight force that they receive after the septum has been opened. 
3. The opening of the stomium. 
As mentioned before, some authors hypothesized the same causes for the 
opening of both the septum and the stomium, i.e. the outward directed force 
of the endothecium (Schrodt, 1885,1901; Steinbrinck, 1895,1909) or the pressure 
of the pollenmass (Schneider,1908,1909,1 911). Our observations and 
experiments show that the force of the outward bending locule walls is not 
strong enough to open the stomium. Furthermore, if Steinbrinck's theory is 
right, it is strange that the locule walls remain bent inwards, being the 
final configuration in the closed flower bud of most species. Moreover, the 
opening of the stomium of Lycopersicum esculentum, lacking endothecial wall 
thickenings (Chatin,1870b), makes such a cause unlikely. We have some 
indications that an exception on this point may be found in the Poaceae, but 
this is still under investigation. 
Schneider (1908,1909,1911) reported that the expanding pollen population 
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opened the stomium. We could reject this theory with the same experiments as 
we used for the septum opening, i.e. pollen removal and the cases of male 
sterility. 
Enzymatical cell wall lysis in the stomium epidermis was reported by 
Strasburger (1902). Our findings cannot show any wall lysis in this layer. We 
never found intermediate stages, comparable with the gaps and loosely 
arranged walls in the dissociating septum. A second observation also 
disagrees with enzymatical lysis. The opened stomium always contains all of 
its small cells, connected to either one or both of the locule walls. This 
means that always just one radial epidermis cell wall is opened and that this 
wall is randomly chosen. 
Our stereo microscopical observations and artificial, water-induced 
opening of the stomium, even before the septum was opened, suggest a 
mechanical rupture by the inward bending locule walls. The tightly closed 
locules in the flower bud after the stomium is opened, the mutual cuticle 
templates, as well as the inward bending locule walls after pollen removal, 
support this theory. Woycicki (1924b) tested this by micromanipulation after 
earlier indications by Chatin (1870a). However, both researchers only 
observed the large epidermis cells, that are bordering the small ones, to 
expand. In G«_ verrucosa, as in other species, we found the whole epidermis as 
well as the endothecium cells to expand, the latter mainly in radial 
direction. Our experiments with the visual melting point method reveal an 
increase of the osmotic pressure in both tissues. Woycicki (1924b) also found 
this increase, using a KN03-plasmolyse method, and associated this with the 
decrease of starch and increase of sugars. Also our findings show a 
dissolution of starch in both the epidermis and the endothecium. Although 
this may cause the increase of the osmotic pressure, part of the starch 
derivatives may also be used for the wall thickenings in the endothecium. 
This conclusion is supported by the absence of starch in the septum cells, 
which do not develop wall thickenings. 
It remains difficult to prove which part of the epidermis and endothecium 
is (mainly) responsible for the stomium rupture. Presumably there are 
specialisations, depending on the species, for example the large cells of 
Lilium species. Staedtler (1923) described a range of plant species with a 
gradual reduction or disappearance of the anther epidermis. Remarkable is his 
finding that the epidermis near the stomium persists in most cases. 
The radial stretching which can be observed in the endothecium cells 
during the deposition of the wall thickenings may be useful to enlarge the 
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distance between the swelling epidermis cells and the fixed inner tangential 
endothecium wall. In this way the bending effect due to the epidermal 
expansion is enlarged. 
Besides the rupture of the stomium, the inward bending of the locule walls 
may have a second function. It also prevents the premature exposure of pollen 
inside the closed flowerbud, which might lead to self pollination. 
4. The outward bending locule walls. 
This is the most easily observable and most described step of the process. 
The outward directed bending of the desiccating locule walls works contrary 
to the inward directed movement of the previous step. The many reports on 
this process, which are often results of ingenious micromanipulatory 
experiments, are mainly focussed on three topics. Firstly the anatomical-
physiological reason of the water loss; secondly the physical processes in 
the dehydrating cells and thirdly the bending patterns of the different 
species in relation to their mode of pollination. 
Our drying experiments show that ventilation, perianth removal and heating 
can accelerate anther opening, even before anthesis. On the contrary, a high 
relative humidity or water around the anthers can prevent opening. From these 
results one can conclude that evaporation from the anther surface is an 
important factor for the loss of water (Chatin, 1870b; Hannig,1910). However, 
it is remarkable that anthers desiccate while the other parts of the flower, 
like the rest of the plant, remain fully turgescent. This means that 
differences or barriers between the anther and the filament must exist. 
Although a study on such factors is presented in chapter 7, some preliminary 
results are briefly discussed here, due to their importance for the process. 
Many species possess stomata on the anthers, which we never found to be 
closed, independently from the developmental stage. They will be important 
ways for water exchange. As not all species possess stomata, more 
possibilities will exist. Probably the undulating cuticle at maturity, which 
has been observed in different plant species (Cheng et al.,1981; ch.4 and 5) 
is important. It may accelerate evaporation, which would agree with our 
findings that anthers can lose water much faster towards maturity than in a 
young stage (ch.1). On the contrary, the cuticle thickens towards maturity, 
which makes such an explanation uncertain. As in most species the anthers are 
bent open just after anthesis, the relative humidity of the environment 
controls the speed of this process as well as the final water content of the 
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anther (ch.1). In some species (e.g. Ipomoea purpurea and Eucharis 
grandiflora) the anthers are already opened inside the closed flower bud. 
This may be due to either a low relative humidity inside this bud or an 
active retraction of liquid from the anther into or through the filament. 
However, a possible water transport from the anthers to the nectaries 
(Burck,1906) was rejected by Hannig (1910), Wolff (1924) and Schmid and 
Alpert (1977). In Poaceae there are indications that the suddenly stretching 
filament retracts water from the anther. Moreover, this stretching disrupts 
the vascular tissue, which presumably prevents further water transport to the 
anther (Schmid,1976). 
In the dehiscing anther the effect of the evaporation is diminished by the 
water capacity of the anther itself. Beside the connective tissue, the middle 
layer(s) may have a function in this process. If so, their species dependent 
moment of degeneration is important (ch.5). It will be clear that many 
factors can influence the loss of water and its speed. 
In species with persistent middle layers, like L^_ hybrida (Reznickova and 
Willemse,1980), cell walls are shrinking on both sides of the fixed inner 
tangential wall of the endothecium cells after anthesis. On the outside these 
are the walls of the epidermis and the outer tangential endothecium wall, on 
the inside the walls of the middle layer(s). However, the force at the 
outside appears to be stronger, presumably for two reasons. At first, as 
mentioned before, the distance between the shrinking cell walls at the 
outside and the inner tangential endothecium wall is fixed. Moreover this 
distance is relatively large if compared with the distance at the inside. 
Secondly, the epidermal and endothecial cell walls are in general thicker, 
which is important for hygroscopic mechanisms. However, just the endothecium 
itself may be responsible for the movement. This statement is supported by 
the natural epidermal reduction in some species (Chatin,1870a; Staedler, 
1923) or mechanical removal of this tissue (Bonnier and Leclerc du Sablon, 
1903; Schneider, 1908). The centripetally bending epidermis reported by the 
latter author even worked contrary to the final force of the endothecium. 
From these findings the conclusion can be drawn that the cell layers other 
than the endothecium are not necessary, or even work contrary to the final 
bending of the locule wall. 
In our opinion the pressure of the pollen against the pollenkitt supplying 
locule walls before anthesis equally distributes the pollen over the entire 
locule wall, which causes an optimal exposure after dehiscence. This can be 
seen in fig.18 in which the dehisced anther forms a massive bar, completely 
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surrounded by pollen. However, the final shape of the anther and the site of 
pollen exposure varies greatly depending on the species and its pollinators 
(Coulter and Chamberlain, 1903; Richter,1929; Von Guttenberg, 1926). It firstly 
depends on the initial shape of the anther and secondly on the site, pattern 
and shape of the endothecial wall thickenings. Stanley and Kirby (1973) 
report that the evolutionary change from entomophylic to (secundary) 
anemophylic pollination is accompanied by a shift from longitudinal to 
poricidal dehiscence. This turns the anther into a pollen sack rather than 
the sticky bar of fig.18. Apart from bending the walls, we found the 
desiccation also to decrease the length of the locule walls in both 
longitudinal and tangential direction. In the second part of this work the 
importance of this shrinkage will be related to pollen dispersal (ch.3). 
Conclusions 
This chapter has shown that the process of anther dehiscence consists of 
four main steps of different physiological origin. Most of the observations 
and experiments were carried out with G. verrucosa and L^_ hybrida. However, 
the processes in some other tested species appeared to differ only on minor 
points or timing from these two species, so that a general sequence can be 
given (fig.22): 
1. The epidermis and endothecium cells start to expand and U-shaped wall 
thickenings are deposited in the latter, leaving a parenchymatical zone 
between two adjacent locules, called the septum. 
2. The cells of the septum dissociate by enzymatic lysis of their middle 
lamellae, the two tapeta remain intact. 
3. The two tapeta disrupt following the first occurring slight mechanical 
force in the relevant direction. 
4. The small epidermis cells facing the septum, called the stomium, are 
broken mechanically by the inward bending of the two adjacent locule walls. 
This movement is effected by the tangentially expanding epidermis (and 
endothecium?) versus the fixed thickened inner tangential endothecium wall. 
5. The locule walls bend outward by the cohesive and hygroscopic shrinkage 
of the tangential outer wall of the endothecium versus its fixed thickened 
tangential inner wall. The loss of water is due to evaporation, often because 
of anthesis, and probably supported by certain barriers in the filament. 
It has become clear that the epidermis and the endothecium are directly. 
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mechanically involved in the processes. The endothecium causes two contrary 
directed forces: centripetally to open the stomium and to keep the pollen in 
the anther, centrifugally to open the anther and to expose the pollen. The 
latter force is well known, the former was unrecognized until now. A possible 
role of the middle layers concerning the speed of evaporation is briefly 
discussed. The tapetum appears rather passive, but may play a role in the 
induction of the processes, as do the other anther tissues. In general the 
problem of induction and direction of signals is outside the scope of this 
study. 
In the literature on this subject, many experiments with living tissues 
are reported. Especially Woycicki (1924a,b) presented the most complete 
description of the dehiscence processes until now. It should be emphasized 
that for processes like these, micromanipulatory work was and will be of 
great value. 
Given the process described here, manipulations can be outlined for plant 
breeding purposes. Easy methods to disturb the process may be helpful in 
crops that are difficult to emasculate. For example, premature opening a 
young flower bud of Lilium sp., simply by cutting, led to a decrease of the 
relative humidity and kept the stomium closed in some cases. In this light 
the underlaying study may be of practical importance. 
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Chapter 3 
THE PROCESSES OF ANTHER DEHISCENCE AND POLLEN DISPERSAL. 
2.THE FORMATION AND THE TRANSFER MECHANISM OF POLLENKITT, CELL WALL 




The development of the locule of Gas te r ia verrucosa (Mill .) H.Duval and 
Lil ium hybrid cv. Enchantment, e s p e c i a l l y the border between the sporophyte 
and t h e game tophy t e , i s i n v e s t i g a t e d by means of l i g h t and e l e c t r o n 
m i c r o s c o p y , h i s t o c h e m i s t r y and m i c r o m a n i p u l a t i o n and r e l a t e d t o p o l l e n 
d i s p e r s a l . The p e c t o - c e l l u l o s i c c e l l wa l l s of both the middle layer and the 
t a p e t u m and a p a r t of t h e endo thec ium d i s a p p e a r and t h e t a p e t u m c e l l s a r e 
cove red w i t h s p o r o p o l l e n i n c o n t a i n i n g t a p e t a l membranes and o rb i cu le s . The 
c e l l c o n t e n t of t h e t a p e t u m t u r n s i n t o t h e hyd rophob ic p o l l e n k i t t . I n t h e 
locu le s i m i l a r changes a re observed as the p e c t o - c e l l u l o s i c and c a l l o s e wa l l s 
of the meiocytes disappear and the fu tu re po l l en gra ins a re covered wi th the 
sporopol lenin conta in ing exine. These hydrophobic substances on both s ides of 
the sporophyte-gametophyte surface a re r e l a t e d t o po l l en d i s p e r s a l , due t o 
t h e i r n o n - w e t t a b i l i t y . 
Secondly t h e t r a n s f e r of p o l l e n k i t t from t h e t a p e t u m t o t h e l o c u l e i s 
i n v e s t i g a t e d . I t a p p e a r s t o be due t o c a p i l l a r y f o r c e s i n t h e l o c u l e a f t e r 
t h e c o n t i n u o u s e x p a n s i o n of t h e p o l l e n , no t t o an a c t i v e f low or a d i r e c t 
a t t r a c t i o n by the po l l eng ra in s . 
Introduction 
In many p l a n t spec ies the t a n g e n t i a l i n s ide of sec re to ry t a p e t a i s covered 
w i t h o r b i c u l e s (Bhandar i , 1984) . These a c e t o l y s i s r e s i s t a n t , s p o r o p o l l e n i n 
conta in ing s t r u c t u r e s a re often connected t o an a c e t o l y s i s r e s i s t a n t t a p e t a l 
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membrane, which was first reported by Banerjee (1967) in grasses. The role of 
these tapetal coverings appeared difficult to explain. Orbicules were seen as 
relicts (Echlin,1968) or an aid in exine formation (Maheshwari, 1950) and 
tapetal membranes as a culture sac (Heslop-Harrison,1969). However, Heslop-
Harrison (1968) reported a possible role for orbicules in pollen dispersal, 
due to their non-wettability. In this chapter we check the latter hypothesis 
with lily anthers. Furthermore, the changes in the wall composition of the 
locule tissues of Gasteria verrucosa (Mill.) H.Duval are investigated in 
relation to such a role and possible other functions. 
Also the transfer mechanism of the also hydrophobic pollenkitt to the 
pollen grains, which is important for entomophylic pollen dispersal, was not 
clear. In species with periplasmodial tapeta the cells invade the locule and 
pollen sticking substances remain on the pollen grains after the 
desintegration of these tapetum cells (Mepham and Lane,1968,1969a,b). 
However, the cells of secretory tapeta remain on the locule wall and their 
pollenkitt is transported to the locule shortly before dehiscence. Since no 
locular fluid is present around the pollen grains at that moment (ch.1) a 
liquid transport medium is absent and merely pollenkitt is transferred. This 
transfer mechanism is investigated in G. verrucosa. 
Materials and methods 
For electron microscopical observations intact anthers of Gasteria 
verrucosa (Mill.) H.Duval were fixed in 3% glutar aldehyde for 4 hours and 1% 
osmium tetroxide for 1 hour, both in 0.7 M cacodylate buffer, pH 7.2 at room 
temperature. After dehydration in a graded ethanol series, the specimens were 
embedded in the low viscosity resin of Spurr (1969). Ultrathin sections were 
poststained with lead citrate and uranyl acetate (Reynolds,1963) and observed 
with a Philips EM 301 at 60 kV. 
For observation of the internal structure with the SEM, the fixed and 
dehydrated anthers were critical point dried and mounted on stubs. Next the 
specimens were broken with forceps and coated with gold. The broken surfaces 
were observed with a Jeol SEM 35C at 15 kV. 
For stereo microscopical observation of processes in living anthers, 
flowerbuds of Gj_ verrucosa and Lilium hybrid cv. Enchantment were treated 
and observed as reported before (ch.2). 
For histochemistry anthers were fixed in FAA (5:7:90) for 18 hours at room 
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t e m p e r a t u r e and a f t e r d e h y d r a t i o n i n a g raded e t h a n o l - T B A - w a t e r s e r i e s 
embedded i n p a r a p l a s t . 8um S e c t i o n s were washed w i t h x y l o l t o remove t h e 
p a r a p l a s t and next s t a ined wi th z inc -ch lo ro - iod ine for c e l l u l o s e , ruthenium 
r e d f o r p e c t i n s , a n i l i n e b l u e fo r c a l l o s e ( a l l a c c o r d i n g t o J e n s e n , 1 9 6 2 ) , 
c a l c o f l u o r w h i t e M2R f o r bo th c e l l u l o s e and c a l l o s e (Hughes and MacCully, 
1975) and ph lorogluc ino l for l i g n i n s (Jensen, 1962). Sporopollenin s t r u c t u r e s 
were revealed wi th the a c e t o l y s i s method of Erdtman (1960). The developmental 
s t a g e s of t h e l o c u l e were r e l a t e d t o t h e n u c l e i a f t e r s t a i n i n g w i t h 
acetocarmine (Jensen, 1962). 
Observations 
1. The changes in the cell walls. 
In f i g . 1a t h e l o c u l e deve lopment of G. v e r r u c o s a i s d i v i d e d i n t o e q u a l 
i n t e r v a l s . The l o c u l e w a l l c o n s i s t s of an e p i d e r m i s , an e n d o t h e c i u m , one 
midd l e l a y e r and a t a p e t u m . The l a t t e r s u r r o u n d s t h e d e v e l o p i n g p o l l e n 
g r a i n s . Dur ing t h i s deve lopment t h e c e l l w a l l s of t h e t i s s u e s undergo 
remarkable changes (f ig .1b-f) . Before meiosis a l l the wa l l s conta in c e l l u l o s e 
and p e c t i n s , the l a t t e r mainly s i t u a t e d near the middle lamel la . During the 
meio t ic prophase the sporogenous c e l l s develop a c a l l o s e w a l l between t h e i r 
p e c t i n - c e l l u l o s e w a l l s and t h e p l a sma membrane, which g i v e s t h e c e l l a 
s p h e r i c a l shape ( f i g . l d ) . Dur ing t h e second m e i o t i c d iv i s ion p ro -o rb i cu l e s 
a r e d e p o s i t e d i n t h e t a p e t u m be tween t h e p e c t o - c e l l u l o s i c w a l l s and t h e 
plasma membrane on the inner t a n g e n t i a l and border ing r a d i a l and t r ansve r se 
s i d e s of t h e c e l l s ( f i g . 2 ) . At t h e same t i m e t h e p e c t o - c e l l u l o s i c w a l l s 
around both the tapetum and the meiocytes a re lysed r a t h e r quickly (fig.1b,c) 
and t h e p r o - o r b i c u l e s a r e cove red w i t h d rops of s p o r o p o l l e n i n by means of 
membrane-like l amel lae (f ig .1f ,3) . Moreover, black l i n e s appear ou ts ide the 
plasma membrane of the tapetum c e l l s , which t u rn i n t o a continuous granular 
s p o r o p o l l e n i n c o n t a i n i n g s h e e t , s u r r o u n d i n g t h e w h o l e c e l l and 
i n t e r c o n n e c t i n g t h e o r b i c u l e s ( f i g . 1 f , 3 ) . Al though t h e o u t e r p a r t of t h i s 
sheet has been r e f e r r ed t o as " p e r i t a p e t a l or e x t r a t a p e t a l membrane or wa l l " 
and t h e inner p a r t as "orb icu la r wa l l " (Bhandari,1984), we j u s t use t h e term 
" t a p e t a l membrane", a s i n G. v e r r u c o s a i t c o n c e r n s a ve ry t h i n s t r u c t u r e 
which i s morphological ly s i m i l a r on a l l s ides of the c e l l . 
J u s t before t h i s sporopol lenin appearance around the tapetum c e l l , each of 
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the four microspores a r i s i n g from one sporogenous c e l l i s surrounded by an 
e x t r a , t h i n c a l l o s e w a l l . Next t h e c e l l u l o s i c p r i m e x i n e i s l a i d down, 
i n t e r r u p t e d by t h e b a c u l a e of t h e s p o r o p o l l e n i n c o n t a i n i n g e x i n e 
( f ig .1c , f ,4) , according t o the process descr ibed for t h i s spec ies by Willemse 
(1972). After t h i s c a l l o s e has been quickly lysed ( f ig . ld ) , t he tapetum c e l l s 
and t h e m i c r o s p o r e s a r e mere ly c o v e r e d by s p o r o p o l l e n i n c o n t a i n i n g 
s t r u c t u r e s . In the exine c a v i t i e s some c e l l u l o s i c primexine remnants remain 
p r e s e n t ( f i g . 1 c , 5 ) . 
In s t a g e 11 of f i g .1 t h e p e c t o - c e l l u l o s l c i n t i n e i s d e p o s i t e d i n t h e 
p o l l e n g r a i n s . A f t e r t h e f i r s t p o l l e n m i t o s i s t h e g e n e r a t i v e c e l l i s 
separa ted from the vege ta t ive c e l l by a t r a n s i t o r y c a l l o s e wa l l ( f ig . ld) . 
During the f l a t t e n i n g of the tapetum, c a l l o s e appears in the outer p a r t of 
t h e r a d i a l and t r a n s v e r s e w a l l s b o r d e r i n g t h e midd l e l a y e r ( f i g . l d ) , soon 
followed by the t o t a l l y s i s of the p e c t o - c e l l u l o s i c wa l l s of t h e l a t t e r . This 
c a l l o s e d i s a p p e a r s by t h e t i m e of d e h i s c e n c e ( f i g . l d ) . In s t a g e 13 t h e 
c e l l u l o s i c wa l l th ickenings a re deposi ted in the endothecium c e l l s , which may 
become l i g n i f i e d (f ig.1c,e) . 
In t h e w a l l s of t h e endo thec ium and t h e midd le l a y e r r e m a r k a b l e 
u l t r a s t r u c t u r a l changes can be obse rved d u r i n g t h i s deve lopment . In t h e 
m e i o t i c s t a g e , gaps appea r i n t h e midd l e l a m e l l a be tween t h e s e two l a y e r s 
1. Changes in the c o n s t i t u t i o n of the c e l l wa l l s i n the locules of Gas te r ia 
verrucosa. The development i s divided i n t o i n t e r v a l s of approximately 30 
h o u r s . Con t inuous l i n e s i n d i c a t e t h e p r e s e n c e of t h e s u b s t a n c e , d o t t e d 
l i n e s r ep resen t the circumference of the c e l l s . 
A. The determinat ion of the s t ages . 1=pollen mother c e l l s . 2=lepto tene-
zygotene. 3=pachytene-diplotene. 4=metaphase-1. 5=metaphase-2. 6= 
l a t e t e t r a d . 7=f ree m i c r o s p o r e s . 8 - 1 0 = p o l l e n v a c u o l a t i o n . 11= f i r s t 
p o l l e n m i t o s i s . 12=young gametophy te . 13-14=the g e n e r a t i v e c e l l 
d i s s o c i a t e s from t h e w a l l . 15=mature p o l l e n . 1 6 = a f t e r d e h i s c e n c e . 
E p = e p i d e r m i s , en=endothec ium, ml=middle l a y e r , t p = t a p e t u m , sp= 
sporogenous t i s s u e 
B. The localization of pectins. 
C. The localization of cellulose. 
D. The localization of callose. 
E. The localization of lignins. 
F. The localization of sporopollenin. 
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(fig.6a,b). During the further development these gaps enlarge in tangential 
direction and during the deposition of the wall thickenings in the 
2. The tapetum and the meiocytes during the late tetrad stage. Pro-orbicules 
(PO) have appeared outside the plasma membrane of the tapetum cell. 
Inside the callose wall of the tetrad the early exine (Ex) is deposited. 
(2750x) 
3. The orbicules are covered with sporopollenin by means of membrane-like 
lamellae. The plasma membrane is replaced by a sporopollenin-containing 
membrane (tm), which will be connected to the orbicules in a later stage. 
(60000x) 
4. Inside the callose wall the tetrads are covered with a cellulosic 
primexine (Pe). The latter is interrupted by the baculae of the exine, 
which are interconnected by the tectum. (104000x) 
5. After the lysis of the callose, the tapetum and the microspores have been 
covered with sporopollenin structures. The tapetum has been covered with 
orbicules and a tapetal membrane (TM). On the microspores the exine (Ex) 
has been deposited, still bearing the (hardly visible) primexine remnants 
in its cavities. (6000x) 
6. The changes in the radial wall between the endothecium and the middle 
layer, (all figures 22000x) 
a. The wall during the pollen mother cell stage. 
b. During meiosis gaps appear near the middle lamella (arrows). 
c. These gaps enlarge until the early stage of wall thickening (WT) 
deposition in the endothecium cells. 
d. During dehiscence most of the wall has disappeared, the wall 
thickenings remain. The tapetal membranes have been pressed against 
the endothecium. Between these two structures cytoplasmic remnants of 
both the tapetum and the middle layer (ML) are visible. 
7. The same stage as fig.6d. The U-shaped wall thickenings of the 
endothecium are interconnected by tangentially directed bars (TB). Note 
the orbicules (0). (SEM) (11000x) 
8. The tapetal plastids in the young microspore stage. The starch gradually 
disappears, while electron dense material (ED) with globules appears. 
(48000x) 
9. In the same stage as fig.8 strands of electron dense material (arrow) 




endothecium, the entire cell wall around the middle layer as well as the 
inner tangential endothecium wall start to desintegrate (fig.6c). Finally the 
latter consists mainly of the U-shaped wall thickenings (fig.6d), which are 
connected by tangentially directed bars (fig.1e,7). 
2. The formation and transfer of the pollenkitt. 
Shortly after meiosis the large starch grains in the plastids of the 
tapetum gradually disappear, while more electron dense material gradually 
appears (fig.8). At the same time strands of electron dense material appear 
in the cytoplasm, bordered by strongly swollen RER cisterns (fig.9). Next 
the electron dense material in the plastids turns into globules. These 
globules start to fuse, forming large, less electron dense droplets, by which 
the plastids strongly expand (fig. 10). Next the plastid membranes disappear 
and the droplets fuse with the strands in the degenerating cytoplasm to form 
huge globules (fig.11). Finally these globules and some cytoplasmic remnants 
(tryphine) are the only content of the sacks formed by the tapetal membranes 
10. The electron dense material in the tapetal plastids turns into large 
droplets, the starch has disappeared. (12600x) 
11. The tapetal plastid membranes have disappeared and the droplets of fig. 10 
fuse with the strands of fig.9 to form large globules of pollenkitt. 
(30000x) 
12. The tapetum "cells" consist merely of the pollenkitt globules (Pk) and 
some cytoplasmic remnants (tryphine), surrounded by the tapetal membranes 
with orbicules (TM). Apart from the remnants of the nucleus (N), plastids 
in an earlier stage of degeneration (P) are visible. The cytoplasm of the 
middle layer (ML) has degenerated. (2880x) 
13. Pollenkitt and tryphine have been pressed through the tapetal membranes 
into the locular cavity. The pollen grains are stuck to each other and to 
the orbicules. (6400x) 
14. Drops of pollenkitt intrude the exine cavities of an aborted pollen 
grain. The primexine (P) and the weakly developed intine (I) are also 
visible. (28800x) 
15. The intercellular space between two endothecium cells is filled with 
pollenkitt. The tapetal membranes and the orbicules are pressed against 
the endothecium. (3000x) 
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(fig.12). During the l a s t s t ages of t a p e t a l degenerat ion the cytoplasm of the 
middle layer c e l l s de s in t eg ra t e s i n a r e l a t i v e l y shor t t ime , quicker than the 
t a p e t u m ( f i g . 1 2 ) . A few of t h e s e c y t o p l a s m i c r emnan t s r ema in be tween t h e 
endothecium and the border ing t a p e t a l membrane (fig.6d). 
A f t e r t h e l y s i s of t h e c a l l o s e w a l l s t h e d e v e l o p i n g p o l l e n g r a i n s 
g r a d u a l l y expand up t o a n t h e s i s ( f i g . 1 ) , p u s h i n g t h e a l m o s t d e g e n e r a t e d 
tapetum and middle layer towards the r i g i d endothecium wal l . This p res ses the 
p o l l e n k i t t and t h e t a p e t u m and midd le l a y e r d e r i v e d t r y p h i n e t h r o u g h t h e 
t a p e t a l membranes i n t o t h e s p a c e s be tween t h e p o l l e n g r a i n s and t h e e x i n e 
c a v i t i e s ( f i g . 1 3 ) , even of a b o r t e d p o l l e n g r a i n s ( f i g . 1 4 ) . F u r t h e r m o r e , i t 
can be found i n t h e i n t e r c e l l u l a r s p a c e s be tween t h e endo thec ium and 
epidermis c e l l s (fig.15). I t s t i c k s the po l l en gra ins aga ins t each o ther and 
aga in s t the o rb icu le covered p a r t of the t a p e t a l membrane, which now borders 
t h e o u t e r t a n g e n t i a l t a p e t a l membrane and t h e r educed endo thec ium w a l l 
( f i g . 6 d , 7 ) . A f t e r t h e open ing of t h e septum and t h e s tomium t h e p r e s s u r e 
between the po l l en gra ins and the endothecium remains , due t o the c e n t r i p e t a l 
force of the locule wa l l s (ch.2). 
F ig .16 shows t h e f i n a l s i t u a t i o n i n t h e m a t u r e a n t h e r , comparab le w i t h 
16. The f i n a l c o m p o s i t i o n of t h e ma tu re l o c u l e . The expand ing p o l l e n have 
pressed the t a p e t a l membranes wi th the o rb icu le s aga ins t the endothecium 
and a re covered wi th p o l l e n k i t t and t ryphine . These po l l en coat ings can 
a l s o be found be tween t h e s w o l l e n e p i d e r m i s and endo thec ium c e l l s 
(arrowheads). (1650x) 
17. Dur ing d e h i s c e n c e t h e o r b i c u l e s approach each o t h e r f o l l o w i n g t h e 
shrinkage of the locu le wa l l . (45000x) 
18. The d a r k l y s t a i n e d p o l l e n k i t t of L i l i u m h y b r i d cv. Enchantment f l ows 
from t h e t a p e t u m (T) i n t o t h e l o c u l e s , a c c o r d i n g t o t h e a r r o w s . Darker 
coloured, p o l l e n k i t t - c o v e r e d po l l en gra ins (d) can be d i s t i ngu i shed from 
s t i l l uncovered, l i g h t coloured ones (1). In t h e l e f t locu le the flow of 
p o l l e n k i t t i s r e t a r d e d i f c o m p a r e d w i t h t h e r i g h t o n e . S t e r e o 
microscopical observat ion. (60x) 
19. Pol len g ra ins of Lil ium hybrid cv. Enchantment have been r ea t t ached t o a 
locu le wa l l from which the o rb icu le s were removed. Wet c i rcumstances can 
shed the po l len . (3375x) 
20. The i n t a c t s i t u a t i o n on the dehisced anther . The po l l en gra ins a re s tuck 
t o the o rb icu le s (0) and are not inf luenced by wet c i rcumstances . (3375x) 
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stage 16 of fig.1. The epidermis and endothecium cells are swollen, their 
walls are pecto-cellulosic, their intercellular spaces may contain pollenkitt 
and tryphine. The wall thickenings of the endothecium sometimes contain 
lignin. The middle layer has disappeared and the sporopollenin containing 
tapetal membranes and orbicules border the locule. The strongly expanded 
pollen grains are covered with the sporopollenin containing exine, bearing 
remnants of the cellulosic primexine inside its cavities. This exine is 
partially covered with pollenkitt and tryphine. At its inside the pecto-
cellulosic intine is found. 
After dehiscence the shrinkage of the locule wall makes the orbicules 
approach each other, creating a more continuous layer (fig.17). 
3. Experimental approach of the processes. 
The microscopical observations in fixed materials were supported by some 
experiments with living tissues. 
The relationship between the pressure of the pollen mass and the transfer 
of pollenkitt was checked with the stereo microscopical observation of 
decapitated Lilium hybrida flowers (ch.2). If the flower is decapitated 
before this transfer has started, the whole process can be observed. As the 
decapitation causes some loss of pollen, the glass covered anthers need some 
lag time to recover the increasing pressure. From the moment of tapetum cell 
repression, the dark red pollenkitt can be seen invading the locules. 
Moreover, this moment appears to be asynchronous for two bordering locules, 
although this may be due to the manipulation (fig.18). Artificial pressure on 
the outside of the anthers can accelerate this process. Diminishing the 
pressure by removing part of the pollen can retard or prevent it. 
To determine whether any underpressure might suck the pollenkitt into the 
cavity, the locule was connected to the atmosphere by a thin glass capillary. 
In spite of this treatment, the pollenkitt is transported in a normal way. An 
important observation is the absence of pollenkitt in the extreme apex and 
base of the locule after dehiscence. In these sites this substance is still 
found inside the tapetum cells. 
We also tested the idea of Heslop-Harrison (1968) and Heslop-Harrison and 
Dickinson (1969) that a function of the orbicules might be the creation of a 
non wettable surface to enable an easy lifting of the pollen by their 
vectors. For this, we removed the mixture of pollen and pollenkitt from a 
dehisced anther. Next we removed most of the orbicules, together with the 
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tapetal membranes from the inner tangential endothecium wall. Now the mixture 
of pollen and kitt was reattached to this reduced locule wall (fig.19). Given 
this situation, most of the pollen fell off the anther under extremely wet 
circumstances (rel. hum. 98%), while intact anthers (fig.20) did not lose 
pollen. Finally both types of dehisced anthers reclosed under these wet 
conditions. 
Discussion 
1. The changes in the cell walls. 
The changes in the cell walls of the locule can be related to the process 
of pollen dispersal. 
The main change in the walls of the epidermis is the development of wall 
ridges on the outside of the cells (ch.2) and in the endothecium the 
deposition of the U-shaped wall thickenings. The role of the cell walls of 
these two layers has thoroughly been discussed in the first part of this work 
(ch.2). 
The changes in the tapetum and the developing pollen give rise to both 
final and transitory structures. On the border between the tapetum and the 
pollen grains the pectins and cellulose are gradually replaced by 
sporopollenin. This also means a shift from hydrophylic into hydrophobic 
properties (Heslop-Harrison,1968). While the role of the exine has been 
studied frequently (see below), the function of the orbicules, appeared more 
difficult to explain. Maheshwari (1950) suggested a role in the exine 
synthesis, probably as a sporopollenin stock. Echlin (1968) and Christensen, 
Horner and Lersten (1972) regarded them as a relict, referring to a 
phylogenetic relationship between the tapetum and the sporogenous tissue. 
Dickinson and Bell (1972) regarded them just as a by-product of the tapetum 
cells. A real autonomous function was given by Heslop-Harrison (1968) and 
Heslop-Harrison and Dickinson (1969), who indicated that the orbicules formed 
a non wettable surface on the locular inside, effecting an easy dispersal of 
pollen. Our experiments in L^ hybrida, which has a secretory tapetum, 
strongly support this idea as the removal of orbicules changes the sticking 
properties of the pollen(kitt) to the locule wall. Heslop-Harrison (1969) 
found a tapetal membrane outside the periplasmodial tapetum of Compositae. 
This was acetolysis resistant as are the exine and the orbicules. As 
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periplasmodial tapetal protoplasts invade the locule, this tapetal membrane 
finally forms the border between the locule wall and the pollen grains and 
may have a similar function as the orbicules in the secretory tapeta. 
However, the pollen sticking substance in this species is mainly tryphine, 
i.e. hydrophylic remnants of the tapetal cytoplasm, which makes the sticking 
complex different from L. hybrida. Pacini and Juniper (1983) report the 
deposition of PAS-positive pyramid-shaped structures on both the exines and 
the tangential outside of the periplasmodial tapetum of Arum italicum Miller. 
Although this material is acetolysis susceptible, its presence supports our 
hypothesis that at dehiscence the inside of the locule has a similar physical 
constitution as the outside of the pollen grains. Another agreement with this 
hypothesis is given by Carniel (1966) who reported orbicules facing the 
locular cavity on the tangential outside of the secretory tapetum of Gnetum 
gnemon L. Moreover, this site is not situated on the pathway from the 
tapetum to the pollen grains, which makes Maheshwari's idea of a role in the 
exine synthesis less likely. 
Given our hypothesis of the similar constitution on both the locule wall 
and the pollen grains, the question arises as to why the morphology of these 
structures is so different. This will be due to other functions. Apart from 
the similarity mentioned above, the exine is a continuous, protective 
structure, which is elastic and enables the harmomegathy of the cell during 
hydration changes. Besides, it has sites to transport proteins for 
recognition reactions (Knox, 1984), while its sculpturing may be important for 
vectors and stigma contact (Woittiez and Willemse,1979; Knox,1984). The 
tapetal membranes with the orbicules do not have these functions. If our 
hypothesis is right, their main role is the formation of a dispersive 
surface. During the shrinkage of the locule wall at dehiscence, the orbicules 
can approach each other, covering the wettable cell walls of the locule 
almost completely. 
Contrary to the sporopollenin, all the callose deposits are transitory. 
Callose is often found as an isolation between cells that start a divergent 
development or in sites where a transport must be blocked. Heslop-Harrison 
and MacKenzie (1967) and Southworth (1971) demonstrated that the callose 
walls during meiosis form a selective barrier for certain molecules, 
presumably related to the independent development of the pollen grains from 
that moment. Owens and Westmuckett (1983) studied the callose wall between 
the vegetative and the generative cell in different species and related it to 
cytoplasmic rather than nuclear differentiation. The callose outside the 
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tapetum just before dehiscence may prevent transport of liquid to the locule, 
as the space between the pollen grains is "dry" at that moment (ch.1), while 
the epidermis and endothecium are fully turgescent. However, this needs 
further investigation in relation to possible barrier capacities of the 
tapetal membranes, according to Heslop-Harrison's (1969) idea of a "culture 
sac". 
2. Pollenkitt and tryphine. 
A plastidial origin of part of the pollenkitt and the fusion of this 
material with cytoplasmic lipids was also found in L. hybrida by Reznickova 
and Willemse (1980) and Reznickova and Dickinson (1982). 
The observation that the pollenkitt is mixed with a small amount of 
cytoplasmic remnants (tryphine) during its transfer to the locule agrees with 
the findings in chapter 4, where we related the pollenkitt/tryphine ratio to 
the phylogenetic moment of transfer to the locule. We presume the tryphine 
breakdown (or turn into pollenkitt?) to cease after its release from the 
tapetum cell. Hesse (1979a,b; 1980) related the shift from entomophylic to 
secundary anemophylic pollen transport for some species to a decrease of the 
amount of pollenkitt, which in our opinion might decrease the pollenkitt-
tryphine ratio. Consequently, this shift may be related to a phylogenetic 
acceleration of the pollenkitt-tryphine transfer to the locule. 
Although many researchers report the deposition of pollenkitt on the 
pollen grains (see the review of Bhandari,1984), little data about the 
transport mechanism from the secretory tapetum to the locule are available. 
Reznickova and Dickinson (1982) presume a relationship with the increase of 
the surface area of the tapetal plasma membrane, but in G^_ verrucosa such an 
extension is not found. Our experiments suggest a relationship with the 
pressure of the pollen population inside the limited capacity of the locule. 
Due to an increase of the cytoplasm (Willemse,1972) and the disappearance of 
the locular fluid (ch.1) the pollen mass expands to fill all of the space 
inside the inner tangential endothecium walls. The only possibilities for the 
pollenkitt-tryphine mixture are whether to float between the pollen grains or 
to leave the locule, both of which are observed. The presence of pollenkitt 
in the exine cavities of aborted pollen grains as well as between the 
epidermis and the endothecium cells makes an attractive role of living pollen 
grains for the transfer unlikely. Its absence in the apex and the base of 
some L. hybrida anthers and the effect of artificial pollen removal agree 
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with this statement. In our opinion, due to the lack of space, capillary 
forces in the crowded locule permit the pollenkitt to extend over the whole 
pollen population, instead of only the pollen grains that are in contact with 
the tapetum. Also its presence between the epidermis and the endothecium 
cells makes a capillary force likely. The possibility of a vacuum as a result 
of the uptake of the locular fluid by the pollen grains (ch.1) is excluded by 
our experiments with artificially opened locules. Moreover, if vacuum 
existed, the pollen grains would lose their water immediately (ch.2). 
Hesse (1978,1979b,1980) found a decrease of the sticking effect of 
pollenkitt when shifting from entomophylic to secundary anemophylic species. 
Depending on the species he found either most of the pollenkitt to remain in 
the tapetum cells, pollenkitt deep inside the exine cavities or the presence 
of little or no pollenkitt at all. It would be interesting to relate these 
phenomena to the transport mechanism hypothesized here, for example to 
convert entomophylic into anemophylic species by manipulation. 
Besides a role in sticking, which is rather clear, especially after the 
comparative observations of Hesse, and the absence of pollenkitt in the 
(primary anemophylous) Gymnosperms (Hesse, 1984), pollenkitt may have other 
functions. It may take part in the exine formation (Willemse and Reznickova, 
1980) and may attract and feed pollinators (Willemse,1985). Prevention of 
both dehydration and UV damage (Willemse,1985) is unlikely in G. verrucosa as 
we observed the coating not to cover the entire pollen grain in this species. 
Given the results of this paper, the centripetal force of the endothecium 
before dehiscence can be related to more functions than we reported before. 
In the first part of this work (ch.2) we found this force to open the stomium 
and to keep the locules closed, preventing premature loss of pollen. A third 
function may be to continue the effect of the pollen pressure after the 
stomium is opened. Moreover, this pressure leads to the equal distribution of 
pollen on the locule walls at dehiscence. The rigid inner tangential 
endothecium wall enlarges the effect of this pressure, although this will be 
less in species with persisting middle layers, like L. hybrida (Willemse and 
Reznickova,1980). 
Conclusions 
Changes in the cell walls of the locule tissues of G. verrucosa lead to 
the presence of hydrophobic substances on both sides of the border between 
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the sporophyte and the gametophyte at dehiscence. These are the tapetal 
membranes and the orbicules on the tapetal side and the exines on the other. 
Also data from the literature about other species show a tendency to form 
similar substances on both sides of this border. 
In G^_ verrucosa the hydrophobic pollenkitt sticks the pollen grains to 
each other and to the orbicules and the tapetal membranes. In L^_ hybrida this 
complex appears to resist wet circumstances, by which it prevents pollen 
dispersal by water, i.e. an undesired vector. 
The pollenkitt is presumably transferred by capillary forces due to a 
limited space in the locule, created by the expansion of the pollen grains. 
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Chapter 4 
A COMPARISON OF ANTHER TISSUE DEVELOPMENT IN MALE STERILE ALOE VERA AND MALE 
FERTILE ALOE CILIARIS 
C.J. Keijzer and M. Cresti(*) 
* Department of Environmental Biology, Botany Section 
University of Siena - Via P.A.Mattioli 4 - 53100 Siena (Italy) 
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Summary 
Cytological differences between the anther development of a male sterile 
and a male fertile Aloe species are used to explain interactions between 
anther tissues. Deviations in the layers of the locule wall and the 
microspores of the male sterile anther are related to each other and their 
biological functions are discussed. 
The cytological development of the male sterility, which can be observed 
shortly after meiosis, seems to be restricted to the locular cavity. The 
tapetal development and breakdown are normal, apart from the size of some 
orbicules. However, the pollenkitt is not transferred to the pollen grains, 
which strongly supports our theory that this process is mechanically pollen-
controlled. The development of the epidermis and endothecium cells is normal, 
except in part of the anthers where these cells do not expand, after which 
dehiscence is incomplete. The latter process is discussed in relation to the 
deviations inside the locular cavity. 
Introduction 
In the large amount of literature on both genetic and cytoplasmic male 
sterility (see the reviews by Edwardson, 1970; Laser and Lersten,1972; 
Gottschalk and Kaul,1974; Bhandari,1984) many authors report irregularities 
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in the tapetum and sometimes the other locule wall tissues. Differences 
between the locule development of fertile and sterile anthers of two Aloe 
species offer a possibility to study functions of and interactions between 
these tissues. Such a study might be useful in pollen research, as developing 
pollen grains are probably dependent upon more anther wall tissues than only 
the tapetum (Reznickova and Willemse,1980). Moreover, it might elucidate the 
function of these tissues in relation to anther dehiscence and pollen 
dispersal. The latter processes have been described in chapter 2 and 3. As 
malfunctioning of the processes leading to anther dehiscence can prevent 
pollen exposure, which has the same effect as male sterility, this study may 
be of great interest for plant breeding. 
This chapter deals with some functions of the locule wall tissues, enabled 
by differences between fertile and sterile anthers and developmental 
gradients inside the latter. 
Materials and methods 
Anthers of the male sterile Aloe vera (L.) Burm. fil. (Liliaceae) were 
followed during their development using light and electron microscopical 
techniques. As no fertile plants of this species were available, comparisons 
were made with Aj_ ciliaris Haw., the anther development of which appears 
ultrastructurally indistinguishable from the sterile species. Both species 
grew in the Botanical Garden of the University of Siena (Italy). 
For dark field microscopy intact anthers were cleared for 5-10 minutes 
with the solution described by Herr (1971). In this way crystals, 
sporopollenin and lignified structures became visible. 
For electron and interference contrast microscopy anthers were fixed in 3% 
glutar aldehyde in 0.07M cacodylate buffer at pH 7,4 for two hours. After 
rinsing in the buffer, the material was postfixed in 1% osmium tetroxide in 
buffer for 45 minutes. Both fixations were carried out at room temperature. 
After dehydration in a graded ethanol series, the material was embedded in 
the low viscosity resin of Spurr (1969). 
For transmission electron microscopy ultrathin sections were poststained 
with uranyl acetate and lead citrate (Reynolds, 1963). Polysaccharides were 
traced by TCH-Ag-proteinate, according to Thiery (1967). Observations were 
made with a Jeol JEM 100B and a Zeiss EM 9, both at 60 kV. 
For interference contrast microscopy 2um cuttings of the same blocks were 
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enclosed in a drop of Spurr's resin on a microscope slide and covered with a 
cover slide. 
Sporopollenin structures were isolated by enclosing such 2um cuttings in 
concentrated sulphuric acid. This is a variant of the acetolysis method 
described by Erdtmann (1960). The light microscopical observations were made 
with a Nikon Optiphot with interference contrast equipment. 
For scanning electron microscopy naturally dehisced and dried anthers were 
sputtered with gold and observed in a Philips SEM at 7,2 kV. 
Results 
The Aloe anthers consist of four locules, bound together by a connective 
tissue with a central vascular bundle. Two bordering locules dehisce by means 
of one longitudinal slit. The locule wall consists of four cell layers: an 
epidermis, an endothecium, one middle layer and a tapetum. 
In A;_ vera the abortion process was followed in intact anthers after a 
treatment with clearing solution (Herr,1971). Before the sporopollenin 
deposition starts, only the xylem and some crystals are visible (fig.la). 
Once the exine formation has started, sporopollenin becomes visible and 
after dissolution of the callose walls, the microspores tightly fill the 
locules (fig. 1b). After this stage they start to degenerate and gradually 
shrink, leaving gaps in the population by the time the wall thickenings in 
the endothecium cells appear (fig.lc). Up to dehiscence most of the collapsed 
microspores retract together with the locular fluid into the terminal parts 
of each locule (fig.ld). The central part becomes filled with gas (air?), 
which is not visible with this technique. Just before dehiscence the 
microspores are only present in the extreme top and base, where they still 
can be found after dehiscence (fig.le). 
In the late tetrad stage the microspores inside the callose walls still 
develop in a similar way in both species (fig.2). In the cytoplasm-rich cells 
small vacuoles, spherical mitochondria and plastids are present. The future 
colpus is lined by one long sheet of ER, in the rest of the cytoplasm ER is 
scarce. 
In this stage the tapetum of both species consists of binucleate cells 
with much dispersed ER and small vacuoles throughout the cytoplasm (fig.3). 
Plastids containing starch as well as mitochondria are present. The cell wall 
is still intact, towards the locule pro-orbicules lay outside the plasma 
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membrane (fig.2). 
After the release from the callose wall, the first signs of sterility can 
be observed in the microspores of A. vera. The polarity in these microspores 
differs from the fertile situation. The nucleus migrates from the colpus 
side, where it is situated in the young tetrad stage, to a central position 
in the cell (fig.4). In the fertile species this migration is continued 
towards the opposite wall (fig.5). Stacks of ER, surrounding the nucleus in 
A. ciliaris (fig.5), are absent in A. vera (fig.4). Beside these differences 
some processes in the sterile development still take place like in the 
fertile situation. The premitotic vacuoles appear and the plastids store many 
small starch grains (figs.4 and 5). The exine thickens and the intine is 
deposited. 
In this stage the tapetum of the sterile species shows only one visible 
deviation from the fertile situation (fig.6), as some of the orbicule cores 
swell enormously and are irregularly covered with sporopollenin (fig.7). 
Apart from this, no differences between the sterile and the fertile tapetal 
development can be observed. 
1. The developing sterile anther. Figs.a-d: dark field illumination after 
clearing with Herr's solution, fig.e: SEM. (17x) 
a. During meiosis only vascular tissue and crystals are visible. 
b. At the young microspore stage the formed exines have become visible. 
They show that the microspores tightly fill the locules. 
c. The wall thickenings have appeared in the endothecium (arrow), empty 
spaces appear as black dots between the degenerating microspores. 
d. The mature anther with collapsed microspores, mainly situated near the 
apex and the base of the locules. 
e. After dehiscence the microspores are stuck only to the extreme apex 
and base of the anther. 
2. The late tetrad stage of the sterile species. P=plastid, M= 
mitochondrion, V=vacuole, C=callose, E=exine, Cp=colpus. (4080x) 
3. The tapetum of the sterile species during the late tetrad stage. P= 
plastids, M=mitochondria, V=vacuoles, PO=pro-orbicules. (1375x) 
4. The degenerating micropore of the sterile species. The nucleus has 
migrated to the centre of the cell. P=amyloplasts, V=vacuole. (3500x) 
5. The microspore of the fertile species. The nucleus borders the wall 
opposite the colpus (Cp), surrounded by stacks of ER. (3500x) 
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A f t e r t h i s young m i c r o s p o r e s t a g e t h e m i c r o s p o r e s c o n t i n u e t h e i r 
degenerat ion, which i s v i s i b l e in a l l t he cytoplasmic s t r u c t u r e s . Contrary t o 
the expanding c e l l s of the f e r t i l e spec ies (f igs.8 and 10), t he s t e r i l e c e l l s 
l o s e t h e i r t u r g e s c e n c e ( f i g . 1 1 ) . T h e i r n u c l e i s h r i n k and t h e p l a s t i d 
membranes d i s r u p t by which t h e s t a r c h g r a i n s a r e s e t f r e e ( f i g . 9 ) . F i n a l l y 
t h e remaining c e l l contents a re lysed, the r e l ea sed s t a r ch gra ins being the 
l a s t recognizable s t r u c t u r e s . 
The t a p e t a i n t h e s t e r i l e and t h e f e r t i l e a n t h e r s f o l l o w a s i m i l a r 
degenerat ion p rocess , i n which no u l t r a s t r u c t u r a l d i f f e r e n c e s be tween t h e 
spec ies can be observed. The c e l l s f i n a l l y conta in mainly p o l l e n k i t t and some 
c y t o p l a s m i c r e m n a n t s ( t r y p h i n e ) . However, i n t h e s t e r i l e s p e c i e s t h e s e 
substances a re not t r a n s f e r r e d t o the locu le and remain i n s ide the a c e t o l y s i s 
r e s i s t a n t t a p e t a l membranes ( f i g s . 1 2 , 13 and 14) , a f t e r which t h e t r y p h i n e 
d i s a p p e a r s . On t h e c o n t r a r y , i n t h e f e r t i l e s p e c i e s t h e t a p e t u m c e l l s a r e 
f l a t t e n e d and the p o l l e n k i t t and t ryph ine a re deposi ted on the po l l en gra ins 
( f i g . 1 5 ) . In t h e s t e r i l e s p e c i e s most of t h e p o l l e n k i t t i s s t i l l i n s i d e t h e 
t a p e t a l membranes a f t e r dehiscence (fig.16). In both spec ies some smal l drops 
6. The o rb icu le s of the f e r t i l e spec ies . (21600x) 
7. A d e v i a t i n g huge o r b i c u l e ( l e f t ) . The c o r e i s much l a r g e r t h a n i n t h e 
normal o r b i c u l e ( r i g h t ) , t h e s p o r o p o l l e n i n l a y e r i s d i s c o n t i n u o u s . 
(21600x) 
8. The microspores of the f e r t i l e species d iv ide i n t o a vege ta t ive (V) and a 
genera t ive c e l l (G). Only the former conta ins p l a s t i d s (P). (4000x) 
9 . Degene ra t ed m i c r o s p o r e of t h e s t e r i l e s p e c i e s , s t a i n e d w i t h TCH-Ag-
p r o t e i n a t e . Most of the cytoplasm has disappeared, the amount of vacuoles 
has increased. The plasma membranes d i s rup t and the s t a r ch gra ins a re s e t 
f r e e . (5200x) 
10. The f e r t i l e a n t h e r j u s t b e f o r e t h e f i r s t p o l l e n m i t o s i s . The e n l a r g i n g 
microspores t i g h t l y f i l l t he locu le . (900x) 
11 . The s t e r i l e a n t h e r from t h e same f l o w e r l e n g t h a s i n f i g . 10. The 
m i c r o s p o r e s d e g e n e r a t e and do no t expand l i k e i n t h e f e r t i l e s p e c i e s . 
(900x) 
12. The locu le wa l l of the s t e r i l e spec ies s h o r t l y before dehiscence. The 
epidermis and bar-suppor ted endothecium c e l l s have expanded, the middle 
l a y e r h a s d i s a p p e a r e d . The p o l l e n k i t t i s s u r r o u n d e d by t h e t a p e t a l 
membranes, the degenerated microspores have col lapsed. (900x) 
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of pollenkitt are found in the intercellular spaces between the epidermis and 
the endothecium (fig.17). 
In the sterile species the locular fluid with TCH-Ag-proteinate positive 
material, which is not found between the tapetal membranes (fig.13), persists 
until dehiscence, gradually retracting together with the degenerating 
microspores into the terminal parts of each locule (fig.ld). When the gas in 
the central part of these locules appears, the stomium is still closed. 
In the sterile anthers the epidermis and endothecium develop like in the 
fertile species. Two days before dehiscence their cells swell by vacuolation 
(figs.12 and 15). Wall ridges develop in the outer tangential wall of the 
epidermis cells, enlarging the cuticular surface (fig.18). In the 
endothecium part of the starch disappears from the plastids and the U-shaped 
wall thickenings are deposited (figs.12 and 15). 
In both the fertile and the sterile species the middle layer cells don't 
13. In the sterile species a large drop of pollenkitt is surrounded by 
tapetal membranes. The rest of the cytoplasm has almost completely 
disappeared. Remnants of the disappeared middle layer are visible 
(arrow). Inside the locule (L) fluid with granular material is visible. 
(5200x) 
14. A transverse part of the tapetal membranes after acetolysis of a 2pm 
cross section. On the locular side orbicules are visible, attached to the 
(unfocussed) inner tangential part of the tapetal membrane. (3400x) 
15. The mature anther of the fertile species just before dehiscence. The 
pollenkitt (arrow) has been transferred to the pollen grains, the tapetal 
membranes with the orbicules are pressed against the endothecium. In the 
pollen grains the vegetative nucleus and the elongated generative cell 
are visible. (900x) 
16. The anther of the sterile species after dehiscence. Most of the 
pollenkitt is still in the same site as before dehiscence, i.e. fig.12. 
(900x) 
17. After dehiscence small drops of pollenkitt are found intercellular 
between the epidermis and the endothecium. (3600x) 
18. The cuticle is lifted by the formation of wall ridges, a phenomenon which 
is also visible in figs.12 and 15. (35000x) 
19. A partially dehiscing anther of the sterile species. The stomium is still 




divide anticlinally and are flattened during the continuous enlargement of 
the locular circumference (figs.10, 11, 12 and 15). Shortly before dehiscence 
the cell disappears in both species, a few remnants of the wall remain 
visible (fig.13). 
About 60% of the sterile anthers dehisce in a normal way, according to the 
process described in chapter 2 and 3 for Gasteria verrucosa (Mill.) H.Duval. 
The cells in the tissue between two adjacent locules, called the septum 
(Venkatesh,1957), dissociate, after which the tapetal membranes are broken 
and the stomium is opened. After anthesis the locule walls bend outward by 
which the anther dehisces, bearing the degenerated microspores near its apex 
and base (fig.le), according to their final position inside the mature closed 
anther. 
The remaining 40% of the sterile anthers only dehisce in the region where 
the microspores are found. In their central part the septum and the stomium 
remain closed (flg.19). 
Discussion 
Although this chapter deals with male sterility, it will be focussed on 
the functions of the different locule tissues. The process of microspore 
abortion itself will only be discussed when necessary for this topic. 
1. The tapetum and the locular cavity. 
In male sterile species pollen abortion is often preceded by different 
kinds of irregularities in the tapetal development, like organelle 
deformations, increased vacuolation and persistence or enlargement of the 
cells (see the review of Bhandari, 1984). In A;_ vera all the visible 
deviations, i.e. the large orbicules, the persistence of the locular fluid 
and the microspore degeneration are restricted to the locular cavity. 
Although the orbicule formation is in the main controlled by the tapetal 
cells (Reznickova and Willemse,1980), the presence of some huge orbicules may 
be associated with the deviations in the locule. As the orbicule cores 
contain polysaccharides (Reznickova and Willemse,1980), the accumulation of 
TCH-Ag-proteinate positive substances in the locule may lead to a continued 
supply of compounds for the cores, causing their enormous growth. The 
appearance of this deviation in just a number of the orbicules may be due to 
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their sequential formation by the tapetum. The fact that this deviation takes 
place inside the locule means that the tapetal development is normal until 
the stage in which the pollenkitt has to be transferred. 
The finding that the pollenkitt is not transferred to the pollen grains 
agrees with manipulation experiments in living anthers of the male fertile 
Gasteria verrucosa (Mill.) H.Duval and Lilium hybrid cv. Enchantment (ch.3). 
These species show that the pollenkitt is transferred by capillary action, 
due to the expansion of the developing pollen grains inside the limited 
locular space, by which the tapetum is repressed. Accordingly, this 
repression could be prevented by premature removal of part of the pollen from 
the locule, after which the pollenkitt remained between the tapetal 
membranes. Also in the male sterile A. vera the aborting microspores don't 
expand to fill the entire locule and cause no pressure. The only capillary 
force that remains appears at dehiscence in the intercellular spaces between 
the dehydrating endothecium and epidermis cells. Indeed, in many of these 
spaces pollenkitt can be found, like in the male fertile A^_ ciliaris and 
earlier observations in G. verrucosa (ch.3). In A. ciliaris the repression of 
the tapetum by the expanding pollen mass occurs when the lysis of cytoplasmic 
remnants (tryphine) is still in course. Here a mixture of pollenkitt and 
tryphine is sucked into the locule, after which the lysis of tryphine stops, 
like in G^ verrucosa (ch.3). In the sterile species the tryphine breakdown is 
continued between tapetal membranes, resulting in merely pollenkitt. This 
means that the moment of the tapetal membrane rupture determines whether the 
final tapetal product is a mixture of pollenkitt and tryphine or pollenkitt 
only. 
The development in the sterile species shows that interactions between the 
tapetum and the microspores or the locular fluid apparently occur in one 
direction, as the development of the former is not influenced by deviations 
in the latter, with the exception of the mechanical process of pollenkitt 
transfer. 
The existence of acetolysis resistant tapetal membranes at all sides of 
the tapetal cells, found here, was also reported in G. verrucosa (ch.3 and 
5). Apart from these two species it was, as far as we know, not reported 
before. Banerjee (1967) was the first to show an acetolysis resistant 
membrane, interconnecting the orbicules, along the secretory tapetum of some 
grasses. Heslop-Harrison (1969) found a tapetal membrane on the tangential 
outside of the periplasmodial tapetum of Compositae. Willemse and Reznickova 
(1980) found both membranes in Lilium hybrid cv. Enchantment, which has a 
59 
secretory tapetum. In our report the inner and outer tangential membranes 
appear to be interconnected by radial and transverse membranes, the latter 
clearly visible in fig.14, by which the spheres of pollenkitt are kept in 
their original position. In general, a clear observation of these membranes 
is difficult because of the crowded structure of the locule, mentioned 
before. However, the acetolysis method clearly reveals these structures, as 
this treatment destroys the whole anther, except these membranes, the 
orbicules and the exines. In our opinion, an important function of the 
tapetal membranes is to keep the orbicules connected to the locule wall, 
where they play a role in pollen dispersal after dehiscence, as indicated by 
Heslop-Harrison and Dickinson, (1969) and demonstrated in chapter 3. 
2. The outer layers 
After Gupta and Nanda (1973) reported the independent, asynchronous 
deposition of endothecial wall thickenings in individual locules of one 
anther, it can be assumed that this process is initiated inside each locule. 
Moreover, this asynchronity means that the signal for deposition originates 
from inside the anther and not from other floral parts. In the sterile A. 
vera we found a normal development of endothecial wall thickenings over the 
whole length of the locules, which means that this deposition is neither 
dependent upon pollen maturation. This conclusion agrees with results of De 
Fossard (1969), Gupta and Nanda (1973), Chaunan (1979) and Chaunan, Dingra 
and Kinoshita (1982) in both natural and chemically induced male sterile 
species. These results restrict the initiation of this process to the locule 
wall tissues. De Fossard (1969) presumes the flow of any inhibitor of wall 
thickening development from the tapetum to the endothecium, which would cease 
from the start of the tapetal degeneration, i.e. the moment that the 
sporopollenin deposition has finished. However, Gupta and Nanda (1973) 
demonstrated that the appearance of the wall thickenings has no chronological 
relationship with the end of the sporopollenin deposition. Besides, after the 
deposition of the wall thickenings, we find in A^_ vera obviously normal RER 
and polysomes in the tapetal cytoplasm. This means that if the initiation 
originates from the tapetum, the synthesis of any stimulus is also possible 
instead of the disappearance of an inhibitor. 
An interesting phenomenon is the retraction of the locular fluid together 
with the microspores to the distal and proximal ends of each locule, while 
the central part becomes filled with gas. Since this retraction concerns two 
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opposite ends, any effect of the gravity is excluded. It seems to be caused 
by a kind of capillary suction of the initially small amount of locular fluid 
towards the narrowest parts of the continuously enlarging locule, i.e. the 
apex and the base. In the fertile species the locular fluid disappears before 
dehiscence, presumably into the expanding pollen grains (ch.1 and 5). It is 
replaced by gas, indicating no further supply of liquid from or through the 
tapetum into the locular cavity. The appearance of gas in the sterile species 
from the moment that the amount of locular fluid becomes insufficient to fill 
the enlarging locule, agrees with this ending supply in the fertile species. 
The question remains as to how gas can enter the growing locule, while the 
stomium is still closed. The stomata and intercellular spaces may play a role 
in this process. 
From the developmental gradient that was found in the locule wall of about 
40% of the sterile anthers, some important conclusions can be drawn. Also in 
these anthers the locular fluid can be found in the terminal parts of the 
locules. In the central part the epidermis and endothecium do not expand and 
both the septum and the stomium remain closed at dehiscence. On the contrary, 
in the terminal parts of these anthers the epidermis and endothecium cells 
do expand, the septum cells are dissociated and the stomium is opened. So 
epidermis and endothecium expansion and anther dehiscence only occur in sites 
where locular fluid is present. This suggests that the epidermis and 
endothecium cells use (a part of ?) the locular fluid for their expansion. 
This hypothesis is supported by the observation that in this stage the middle 
layer has lost most of its contents and the tapetum mainly consists of the 
hydrophobic pollenkitt. Moreover, it means that the pollen grains are not the 
only cells that take up locular fluid and that also epidermis and endothecium 
influence the dehydration of the locular cavity. However, these hypotheses 
require labelling experiments to be proved. 
As both the swelling of the epidermis and endothecium cells and the 
rigidity of the inner tangential endothecium wall cause the inward bending of 
the locule walls, by which the stomium is opened (Woycicki, 1924b; ch.2), it 
is clear that the less expanding epidermis and endothecium cells in the 
central part of the deviating anthers keep the stomium closed. The question 
remains as to why also the septum cells do not dissociate. Contrary to the 
stomium, the opening of this tissue is a lytical process without mechanical 
forces (Woycicki,1924a; Becquerel,1932; ch.2). In general the function of an 
opening septum might be the creation of more space from the moment that the 
volume of the expanding pollen exceeds the capacity of the two locules 
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(ch.2). Therefore, an opening signal might originate from the pollen, the 
locular fluid or the tapetum. As the former two are absent in the non-opening 
zone of the deviating anthers, their influence seems to be rather clear. 
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Chapter 5 
FUNCTIONAL MORPHOLOGICAL RELATIONSHIPS IN THE DEVELOPING LOCULE OF GASTERIA 
VERRUCOSA 
C.J. Keijzer and M.T.M. Willemse 
Summary 
The development of the locule tissues of Gasteria verrucosa (Mill.) 
H.Duval is investigated using electron microscopy and visualized in detailed 
pen-drawings. 
Most of the anther opening processes take place in the epidermis and the 
endothecium. The starch in these two layers is used for different steps of 
the dehiscence process. The (single) middle layer is isolated from the 
endothecium and finally degenerates, which may be related to tapetal 
functions. 
The spherical meiotic callose walls with their cytomictic channels enable 
the pollen mother cells to divide into four equally shaped microspores. 
Sporopollenin containing structures arise on both the tapetum and the 
microspores, for pollen dispersal and protection respectively. At the same 
time the tapetum regulates the disappearance of the original cell walls and 
the callose walls from the microspores and itself. These wall materials 
partly turn into starch in both tissues. In the former it is stored in the 
vegetative cell, in the latter it turns into part of the pollenkitt. The 
polarity in the microspores is related to the formation and development of 
the generative cell. Ultrastructural changes in the different cell layers are 
discussed in relation to their development and interaction. 
Introduction 
During t h e l a s t d e c e n n i a many r e p o r t s a p p e a r e d on t a p e t u m and p o l l e n 
development and t h e i r r e l a t i o n s h i p ( see t h e r e v i e w s of L i n s k e n s , 1964,1967; 
Puri ,1972; Vasi l ,1973; Mascarenhas,1975; Shivanna e t al . ,1979; Bhandari,1984; 
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Knox,1984; Shivanna and Johr i . ,1985 and t h e many works of H e s l o p - H a r r i s o n ) . 
Few i n v e s t i g a t i o n s were c a r r i e d out on the development of the o ther locu le 
t i s s u e s and these were mainly focussed on anther dehiscence (many old works 
and ch.2) or d e a l w i t h t h e s y s t e m a t i c s of a n t h e r t i s s u e s o r endo thec ium 
p a t t e r n s ( R i c h t e r , 1 9 2 9 ; Eames ,1961; Dav i s ,1966 ; S t a n l e y and Ki rby ,1973) . 
Although the d i f f e r e n t locu le t i s s u e s a re sometimes descr ibed in r e p o r t s on 
male s t e r i l i t y , where t hey o f t e n show d e v i a t i o n s ( see t h e r e v i e w s of 
Edwardson,1970; L a s e r and L e r s t e n , 1 9 7 2 ; G o t t s c h a l k and K a u l , 1 9 7 4 ) , 
i n v e s t i g a t i o n s on t h e f e r t i l e d e v e l o p i n g l o c u l e a s a f u n c t i o n a l u n i t a r e 
scarce (Reznickova and Willemse, 1980). 
In t h i s chapter the u l t r a s t r u c t u r a l development of the locu le of Gas te r ia 
v e r r u c o s a ( M i l l . ) H.Duval i s i n v e s t i g a t e d . Th i s work was p r e c e d e d by some 
s t u d i e s on d i f f e r e n t aspec t s of the anther development in the same spec ies 
(Willemse,1972; Van Lammeren e t al . ,1985; Schroder, 1985; ch.1, 2 and 3). 
Materials and methods 
For e l e c t r o n mic roscopy i n t a c t a n t h e r s of G a s t e r i a v e r r u c o s a ( M i l l . ) 
H.Duval i n d i f f e r e n t s tages of development were f ixed in 3% g l u t a r aldehyde 
for 2 hours and 1% osmium t e t r o x i d e for 45 minutes , both in 0.07M cacodylate 
buffer (pH 7.2) a t room tempera ture . After dehydrat ion in e thanol they were 
embedded in the low v i s c o s i t y r e s i n of Spurr (1969). U l t r a t h i n s ec t ions were 
s t a ined with lead c i t r a t e and uranyl a c e t a t e (Reynolds, 1963) and observed in 
a P h i l i p s EM 301 a t 60 kV. 
From each l o c u l e t i s s u e t w e n t y c e l l s were i n v e s t i g a t e d and t h e amount , 
s i z e , s h a p e and p o s i t i o n of n u c l e i , v a c u o l e s , v e s i c l e s , p l a s t i d s , 
m i t o c h o n d r i a , d i c t y o s o m e s , ER, r i b o s o m e s , membranes, c e l l w a l l s and i n a 
s ing l e c l e a r case microtubules were determined in the t r ansve r se plane of the 
nucleus. Locule segments were recons t ruc ted by means of pen-drawings on the 
sca le 2200:1, r e f l e c t i n g the mean values of these observa t ions . 
Results 
1. The pollen mother cell stage. 
Fig.1 shows the pollen mother cell stage, i.e. after the mitotic divisions 
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in the sporogenous tissue have finished. In this stage the locule of G. 
verrucosa consists of 5 tissue layers: each the epidermis, endothecium, 
middle layer and tapetum consist of one layer, the pollen mother cells fill 
the centre of the anther. The epidermis, endothecium, and middle layer are 
ultrastructurally similar in many aspects. Their cells are vacuolated with a 
central nucleus. The plastids contain thylakoids, staining the anther green. 
Most of them bear starch, except in the middle layer where the plastids are 
smaller. The number of mitochondria is almost equal to the number of 
plastids. Both the amounts of RER and ribosomes are rather low, dictyosomes 
and lipid droplets are scarce. 
Also the tapetum and the pollen mother cells strongly resemble and are 
only distinguishable by cytoplasmic details. Both cell types are 
isodiametric, lacking any polarity and have a prominent central nucleus. In 
the pollen mother cells the nucleoles are much larger. The mitochondria have 
the same size as those of the outer layers, the plastids are much smaller and 
contain single-membrane inclusions and ribosomes, lacking any starch. The 
ribosome density is larger than in the outer layers. The tapetum cells 
contain more RER and dictyosomes than the pollen mother cells, but lack any 
lipid droplets. The amount of lipid droplets in the pollen mother cells is 
comparable with the outer layers. Both the nucleoles and the vacuoles of the 
pollen mother cells are larger than those of the tapetum cells. 
Plasmodesmata are present in all the cell walls in the locule except in 
those between the bordering pollen mother cells. The parts of the wall 
bordering the plasmodesmata are thicker than the rest of the wall, except 
between the epidermis and the endothecium. 
2. The zygotene stage. 
In the zygotene stage (fig.2) the epidermis and endothecium cells have 
grown in both tangential and radial direction, as have their vacuoles. The 
amount and composition of their cytoplasm is unchanged, only the size of the 
starch grains has increased. Also the middle layer cells have been stretched 
in tangential direction, but these cells have been flattened in radial 
direction by which their capacity has not increased. The tapetum cells have 
strongly grown and became binucleate after endomitosis. The amount of RER, 
dictyosomes, lipid droplets, mitochondria and plastids has increased as has 
the shape and the amount of membranous inclusions inside the latter. The 
plasma membrane undulates slightly. Both the pollen mother cells and their 
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n u c l e i have grown s t r o n g l y , i n s i d e t h e l a t t e r synap tonemal complexes a r e 
v i s i b l e . Their o r i g i n a l wa l l s have become more e l ec t ron dense and the s i t e of 
the middle l amel la has widened, leaving i n t e r c e l l u l a r spaces a t the corners . 
Between t h e p l a sma membrane and t h e o r i g i n a l w a l l c a l l o s e d e p o s i t i o n has 
s t a r t e d , g i v i n g t h e c e l l a s p h e r i c a l shape . The p l a smodesma ta t o w a r d s t h e 
tapetum have disappeared, the meiocytes a re mutually in te rconnected by the 
much w i d e r , newly formed c y t o m i c t i c c h a n n e l s i n which o r g a n e l l e s may be 
presen t . The amounts of cytoplasm and o rgane l l es have increased. A few mul t i 
membrane-bound inc lus ions conta in ing ribosomes are v i s i b l e i n the cytoplasm. 
3 . The ea r ly t e t r a d . 
Dur ing m e i o s i s no r e m a r k a b l e changes occur i n t h e e p i d e r m i s , t h e 
endo thec ium and t h e midd l e l a y e r c e l l s . The c i r c u m f e r e n c e of t h e l o c u l e 
i n c r e a s e s s l i g h t l y by i n c i d e n t a l a n t i c l i n a l d iv i s i ons in the epidermis and 
the endothecium, by which the middle layer c e l l s continue t h e i r t a n g e n t i a l 
s t r e t c h i n g toge the r wi th a r a d i a l f l a t t e n i n g . The tapetum c e l l s grow s l i g h t l y 
in r a d i a l d i r e c t i o n . Their amounts of dictyosomes, RER and ribosomes inc rease 
s h a r p l y , t h e p l a s t i d s a r e f i l l e d w i t h s t a r c h . The v a c u o l a t i o n i n c r e a s e s . 
E l e c t r o n dense d r o p l e t s appea r be tween t h e c e l l w a l l and t h e s t r o n g e r 
undula t ing plasma membrane. 
The meiocytes have become sphe r i ca l by the depos i t ion of c a l l o s e , which 
has a l s o closed the cy tomic t ic channels. They a re divided i n t o four equal ly 
s i z e d and shaped m i c r o s p o r e s by t h e f o r m a t i o n of a d d i t i o n a l t h i n c a l l o s e 
l a y e r s , which are bordered by dictyosomes. The haplo id nuc le i a re s i t u a t e d 
near the per iphery of the o r i g i n a l d ip lo id c e l l . The p l a s t i d s contain a few 
s i n g l e - m e m b r a n e s t r u c t u r e s and s m a l l g l o b u l e s . In t h e c y t o p l a s m a few 
n u c l e o i d s have appea red and t h e mul t imembrane-bound i n c l u s i o n s a r e s t i l l 
p r e s e n t . 
4 . The l a t e t e t r a d . 
The u l t r a s t r u c t u r e of the epidermis , t he endothecium and the middle l aye r 
remained unchanged, the circumference of the locu le has increased s l i g h t l y 
and t h e midd le l a y e r c o n t i n u e d i t s f l a t t e n i n g . The t ape tum c e l l s have 
s t r e t c h e d in r a d i a l d i r e c t i o n accompanied by an inc rease of both cytoplasm 
and v a c u o l e s . The amounts of RER and r i b o s o m e s have i n c r e a s e d . Along t h e 
c e n t r i p e t a l p a r t of the c e l l s p ro -o rb i cu le s appear between t h e wa l l and the 
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plasma membrane. The middle l amel la around both the tapetum and the meiocytes 
widens and d i s so lves , between both t i s s u e s e l ec t ron dense m a t e r i a l appears. 
The nuc le i of the microspores have moved to the cen t re of the c e l l complex. 
The c a l l o s e wa l l formation around the c e l l s has f in i shed and a primexine i s 
d e p o s i t e d . The l a t t e r i s i n t e r r u p t e d by t h e b a c u l a e of t h e e x i n e , which i s 
accompanied by the fusion of dictyosome v e s i c l e s wi th the plasma membrane. 
Near t h e f u t u r e c o l p i t h e e x i n e i s ve ry t h i n and h e r e RER l i n e s t h e p l a sma 
membrane. The mul t imembrane-bound i n c l u s i o n s h a v e d i s a p p e a r e d , t h e 
cytoplasmic nucleoids a r e s t i l l p re sen t . The p l a s t i d s contain more membranes 
than in the previous s tage . 
5 . The young f ree microspore. 
The u l t r a s t r u c t u r e of the epidermis , t he endothecium and the middle l aye r 
remained unchanged, the circumference of the locu le increased s l i g h t l y and 
t h e midd l e l a y e r c o n t i n u e d i t s r a d i a l f l a t t e n i n g . The t a p e t u m c e l l s have 
reached t h e i r maximal s i z e , accompanied by a continued vacuolat ion. In t h e i r 
p l a s t i d s grey m a t e r i a l has appeared and the s t a r ch gra ins have enlarged. Dark 
d rop le t s a re v i s i b l e between the mitochondria l membranes. The amount of l i p i d 
d r o p l e t s has i n c r e a s e d s t r o n g l y . The p r o - o r b i c u l e s a re covered wi th fusing 
drops of sporopol lenin and a re in te rconnected by an e l ec t ron dense, granular 
t a p e t a l membrane ou t s ide t h e plasma membrane. This surrounds the whole c e l l 
and i s a s s o c i a t e d w i t h t h e e x t r a c e l l u l a r dark d r o p l e t s which appea red i n 
s tage 3. The o r i g i n a l c e l l wa l l has disappeared. 
The microspores have l o s t both t h e i r o r i g i n a l (pollen mother c e l l ) wa l l s 
and the c a l l o s e w a l l s , whi le the exine th ickens . They a re f l o a t i n g in l ocu la r 
f l u i d . T h e i r p l a s t i d s grow s t r o n g l y and s t o r e many s m a l l s t a r c h g r a i n s . 
S t a c k s of RER l a y a g a i n s t t h e n u c l e u s . The c y t o p l a s m i c n u c l e o i d s have 
disappeared, near the colpus a few l a rge v e s i c l e s and the plasma membrane a re 
conf luent . 
6. The vacuolated microspore s t a g e . 
Both the s l i g h t c i rcumferenc ia l growth and the r a d i a l f l a t t e n i n g of the 
middle l aye r cont inue. The amount of s t a r ch in the p l a s t i d s of the epidermis 
and t h e endo thec ium has d e c r e a s e d , w h i l e t h e number of p l a s t o g l o b u l e s has 
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increased, staining the anther yellowish-green. Holes appear in the wall 
between the endothecium and the middle layer, whereas the plasmodesmata have 
disappeared here. The vacuolation of the tapetum cells has strongly 
decreased. The starch disappeared from most of their plastids, the grey 
material gradually turns into droplets which fuse to larger units. The 
plastids swell strongly, eventually followed by the disappearance of their 
membranes. These changes occur asynchronously in the different plastids and a 
developmental range can be observed within each single cell. In the cytoplasm 
long strands of electron dense material have appeared, bordered by swollen 
RER cisterns. The amount of electron dense droplets between the mitochondrial 
membranes has increased, the dictyosomes have disappeared. The nuclei have 
become smaller, the heterochromatin more electron dense, contrary to the 
euchromatin. The plasma membrane has disappeared by which the cytoplasm is 
bordered by the tapetal membranes. Further sporopollenin deposition on the 
orbicules cannot be observed. 
The microspores have enlarged, mainly by a growth of their vacuoles, which 
fuse with, and sometimes contain, dictyosome vesicles. The exine has been 
thickened and the intine is deposited in association with dictyosome 
vesicles, which fuse with the plasma membrane. The thickened intine of the 
colpus is interrupted by radially directed plasma membrane extensions. During 
their formation these are bordered by RER cisterns, finally they become 
isolated. Both the amounts of RER stacks around the nucleus and starch 
containing plastids have increased. Most of the cytoplasm is found between 
the colpus and the nucleus, which is still bordering the opposite wall. The 
vacuoles fill the other zones of the cell. 
7. The generative cell against the intine. 
The growth of the locular circumference and the flattening of the middle 
layer have continued as did the decrease of starch and the increase of 
plastoglobules in the epidermal and endothecial plastids. In the epidermis 
cells the number of dictyosomes has increased. In the endothecium cells the 
nucleus and most of the plastids moved towards the inner tangential wall. In 
the middle layer the nuclear chromatin becomes more electron dense, the 
plasma membrane undulates on all sides of the cell. 
The tapetum cells schrank by which the concentration of ribosomes 
increased. Again the nuclei have become smaller. The electron dense strands 
fuse with the grey droplets to large drops of pollenkitt. The amount of both 
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mitochondria and RER decreased. 
A m i t o t i c d i v i s i o n and t h e d e p o s i t i o n of a s e p a r a t i o n w a l l have d i v i d e d 
t h e p o l l e n g r a i n i n t o a v e g e t a t i v e and a much s m a l l e r g e n e r a t i v e c e l l . The 
l a t t e r i s ma in ly f i l l e d w i t h two t e r m i n a l v a c u o l e s and i t s n u c l e u s w i t h 
e l e c t r o n d e n s e c h r o m a t i n . The s m a l l a m o u n t of c y t o p l a s m c o n t a i n s 
mitochondria, dictyosomes, s i n g l e s t randed RER, l i p i d d rop le t s and ribosomes. 
The c o n t e n t of t h e v e g e t a t i v e c e l l i s comparab le w i t h t h e p r e v i o u s s t a g e , 
wi th the exception of the o rgane l l es t h a t were deposi ted in the genera t ive 
c e l l . The amount of s t a c k e d RER has d i m i n i s h e d . I t has p a r t i a l l y been 
t r a n s p o r t e d t o w a r d s t h e c o n n e c t i o n be tween t h e s e p a r a t i o n w a l l and t h e 
i n t i n e . 
8 . The genera t ive c e l l i s s e t f ree from the i n t i n e . 
The e p i d e r m i s and endo thec ium c e l l s have expanded, ma in ly i n r a d i a l 
d i r e c t i o n , by means of en la rg ing vacuoles. In the p l a s t i d s of both l aye r s the 
amounts of thy lakoids and globules have increased. The c u t i c u l a r surface i s 
e n l a r g e d due t o t h e f o r m a t i o n of e l e c t r o n opaque w a l l r i d g e s . In t h e 
endothecium c e l l s U-shaped wal l th ickenings a re deposi ted, covered wi th RER. 
The h o l e s i n t h e w a l l be tween t h e endo thec ium and t h e midd l e l a y e r have 
e n l a r g e d . The p la sma membrane u n d u l a t e s a l o n g bo th t h i s w a l l and t h e w a l l 
t h i c k e n i n g s , b o r d e r e d by d i c t y o s o m e v e s i c l e s . In t h e midd l e l a y e r t h e 
p l a s t i d s , m i t o c h o n d r i a and v a c u o l e s have d i s a p p e a r e d , t h e n u c l e u s h a s 
d e g e n e r a t e d and t h e amounts of RER and l i p i d d r o p l e t s have i n c r e a s e d . 
In t h e tapetum c e l l s the turnover from p l a s t i d s and e l ec t ron dense s t r ands 
i n t o p o l l e n k i t t has c o n t i n u e d . The m i t o c h o n d r i a have d i s a p p e a r e d and t h e 
nucleus has degenerated. In the remaining cytoplasm t h e concent ra t ions of RER 
and ribosomes a r e r a t h e r high, t h e i r t o t a l amount decreased. 
The po l l en gra ins s w e l l s t rong ly , the amount of cytoplasm increased while 
the vacuoles disappeared. The colpus s t r e t c h e d by which some of the plasma 
membrane v e s i c l e s have been opened towards the locu la r cav i ty . The genera t ive 
c e l l i s t i e d off from t h e i n t i n e as the contact s i t e s of the separa t ion wa l l 
and t h e i n t i n e approached each o t h e r . The s e p a r a t i o n w a l l i t s e l f has 
disappeared and the two c e l l s a re only separa ted by t h e i r plasma membranes, 
w i t h o u t any p o r e s . The c y t o p l a s m i c c o n t e n t of t h e g e n e r a t i v e c e l l i s 
unchanged, the c e l l i s surrounded by a l a rge amount of l i p i d d rop le t s in the 
vege ta t ive c e l l . In the l a t t e r the concent ra t ion and amount of a l l types of 
o rgane l l es has s t rongly increased. However, t he p l a s t i d s a re sma l l e r than in 
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the previous stage and contain a few small starch grains and electron dense 
material. All the RER is single stranded with swollen ends. The vegetative 
nucleus is highly euchromatic. The colpus is stretched and has an irregular 
surface. 
9. The mature pollengrain. 
The epidermis and endothecium cells have expanded. In the plastids of both 
layers the amount of starch and thylakoids decreased, contrary to the 
plastoglobules. The cuticular ridges have become higher. Between the 
epidermis and the endothecium the plasmodesmata have disappeared. The wall 
thickenings in the endothecium cells have been thickened, the amount of 
bordering RER has decreased. The inner tangential wall has largely 
disappeared, with the exception of the wall thickenings. Both the middle 
layer walls and cell content as well as the tapetal content have disappeared, 
the tapetal membranes border the endothecium cells. The pollenkitt and some 
cytoplasmic remnants of both the tapetum and the middle layer (tryphine) can 
be found between the pollen grains and inside the exine and colpal cavities. 
Moreover it is present in many of the intercellular spaces between the 
epidermis and the endothecium cells. 
The pollen grains have reached their largest size. The spindle shaped 
generative cell floats freely in the vegetative cell, surrounded by stacks of 
RER and the lobed vegetative nucleus. The generative nucleus is spindle-
shaped, most of the cytoplasm is found in the terminal parts of the cell. In 
the vegetative cell the amounts of the different organelles have increased. 
The mitochondria are filled with swollen cristae. The small plastids contain 
electron dense material and are lined with semi-rough ER, the smooth sides 
facing the plastids. 
Discussion 
1. The development of the epidermis and the endothecium. 
Some of the processes during the epidermis and endothecium development can 
be related to each other. 
The increase of the considerable amount of starch, already present before 
the pollen mother cell stage, may be due to photosynthesis in the thyllakoid-
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r i c h p l a s t i d s themselves. The gradual disappearance of t h i s s t a r ch from s tage 
6 p r e c e d e s s t r u c t u r a l changes i n bo th l a y e r s . The i n c r e a s e of t h e o s m o t i c 
value , which causes the vacuola t ion of the c e l l s from s tage 8 (Woycicki,1924; 
ch.2) i s p r e s u m a b l y due t o t h e breakdown of s t a r c h i n t o s m a l l e r m o l e c u l e s 
(Woycicki,1924). Secondly, breakdown products of the s t a rch may be used for 
the depos i t ion of the wa l l th ickenings in the endothecium (Panchanksharappa 
and Syamasendar,1974), which i s a l s o ind ica t ed by the migra t ion of most of 
the p l a s t i d s t o the inner t a n g e n t i a l w a l l , where most of the th ickenings can 
be found. Thi rd ly , components of the s t a r ch may be used for the formation of 
t h e c a r o t e n o i d c o n t a i n i n g p l a s t o g l o b u l e s , which s t a i n t h e a n t h e r y e l l o w . 
Hannig (1910) demonstrated t h a t even weak l i g h t could r a i s e the temperature 
in pigmented an the r s , i nc reas ing the e v a p o r a t i o n , n e c e s s a r y fo r d e h i s c e n c e 
(ch.1 and 2) . B e s i d e s , Reznickova (1983) shows a c a r b o h y d r a t e pa thway from 
the epidermis and endothecium to the tapetum and the po l l en g ra ins . 
The r o l e of the suddenly appearing epidermal wa l l r i dges , repor ted before 
by Cheng e t a l . (1981) i n Oryza s a t i v a , i n c h a p t e r 2 i n G a s t e r i a v e r r u c o s a 
and i n c h a p t e r 4 i n Aloe spp . , i s u n c l e a r . The accompanying e n l a r g e m e n t of 
t h e c u t i c u l a r s u r f a c e can e x p l a i n t h e i m p r o v i n g a b i l i t y t o e v a p o r a t e , 
d e m o n s t r a t e d i n c h a p t e r 1, n e c e s s a r y f o r d e h i s c e n c e (ch .2 ) , bu t t h e 
continuously s l i g h t th icken ing of the c u t i c l e c o n t r a d i c t s wi th t h i s theory. 
Moreover, s i m i l a r s t r u c t u r e s can be found in the epidermis of non-des icca t ing 
f l o r a l p a r t s , l i k e f i l a m e n t s and p i s t i l s ( W i l l e m s e and F r a n s s e n -
V e r h e i j e n , 1986) which may i n d i c a t e a f u n c t i o n i n t h e r i g i d i t y of t h e s e 
organs . 
2. The development of the middle l aye r . 
The c y t o p l a s m of t h e midd le l a y e r h a r d l y changes d u r i n g most of t h e 
development, s h o r t l y before i t s degenerat ion t h e amounts of RER, ribosomes 
and l i p i d s increase . Apart from the continuous t a n g e n t i a l s t r e t c h i n g of the 
c e l l s , due t o bo th t h e e n l a r g i n g c i r c u m f e r e n c e of t h e l o c u l e and t h e 
c o n t i n u e d absence of a n t i c l i n a l d i v i s i o n s (Davis,1966), t he f i n a l i s o l a t i o n 
from t h e endothecium i s remarkable. The d isappear ing plasmodesmata between 
t h e s e two t i s s u e s i n s t a g e 5 , f o l l o w e d by t h e d i s s o c i a t i o n of t h e midd l e 
l a y e r from t h e endo thec ium, i n d i c a t e a d e v i a t i n g deve lopmen t , p o s s i b l y 
r e l a t e d t o the t a p e t a l development from t h i s s t age . Although the middle layer 
degenerates from a l a t e r s tage and quicker than t h e tapetum, t h e preceding 
i n c r e a s e and r e l a t i v e l y long p e r s i s t e n c e of RER, r i bosomes and l i p i d s a r e 
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comparable with the tapetal degeneration. During the transfer of the 
pollenkitt to the locule the cytoplasmic remnants of the middle layer are 
mixed with those of the tapetum and so become part of the tryphine (ch.3). 
Both these data suggest that the middle layer contributes to the tapetal 
production. The latter hypothesis is supported by the undulating plasma 
membrane in stage 7, indicating excretion activity, maybe any sporophytic 
substance to be mixed with the developing pollenkitt. It may also include 
lytic enzymes for the degradation of the cell walls. This digestion may also 
be caused and continued by the endothecium, which is visualised by its 
undulating plasma membrane. 
A contribution of the middle layer in any tapetal production agrees with 
the findings of Reznickova and Willemse (1980) for the inner middle layer of 
Lilium hybrida. However, contrary to their findings, similarities between the 
plastidial contents of the middle layer and the tapetum are not found in G. 
verrucosa. 
3. The roles of the tapetum. 
The tapetal functions, recently reviewed by Pacini et al. (1985), can be 
divided into three main groups, depending on their final goal. Firstly, the 
regulation of cell wall changes and coatings (the supply of lytic enzymes, 
sporopollenin precursors, pollenkitt and tryphine). Secondly, the supply of 
energy rich substances to the developing pollen grains (PAS-positive 
materials). Thirdly, the preparation of the pollen grains on recognition and 
germination (the transfer of sporophytic pollen wall enzymes). Some of these 
aspects can be related to our observations and will be discussed here. 
a. The organization of the cell wall changes. 
Our previous histochemical data (ch.3) and present ultrastructural 
observations indicate an organizing role of the tapetum in the changes of the 
cell walls of both the tapetum itself and the developing pollen grains. 
Shortly after the callose deposition has started, the middle lamella around 
both the tapetum and the pollen mother cells desintegrates. The more electron 
dense layers of the cell walls in both tissues remain and disappear later on, 
synchronously with the callose of the meiocytes. These ultrastructural 
observations agree with the histochemically tested disappearance of pectins, 
cellulose and callose respectively (ch.3). The synchronities in both the 
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tapetum cells and the meiocytes concerning the pectin and next the cellulose 
breakdown, indicate a similar origin for the necessary enzymes. The presence 
of the callose walls, which may be impermeable for large molecules (Heslop-
Harrison and MacKenzie,1967), during the pectin and cellulose digestion makes 
an enzyme supply from the meiocytes unlikely. Therefore, the tapetum will be 
the source for the pectinases and cellulases for both tissues. Mepham and 
Lane (1969b) demonstrated that also the callase, necessary to digest the 
callose walls, originates from the tapetum. This means that the tapetum 
directs the different steps to release the microspores. This may be related 
to the presence of dictyosome vesicles outside its undulating plasma membrane 
in the meiotic stages (Echlin,1971). 
Beside these wall digestions the tapetum directs a part of the syntheses 
of new walls. The sporopollenin containing tapetal membranes and orbicules 
and part of the sporopollenin precursors for the exines are tapetal excretes, 
whereas the early exine and intine originate from the microspore itself 
(Heslop-Harrison and Dickinson, 1969; Heslop-Harrison,1971). This means that 
the tapetum regulates the shift from hydrophylic (pectins, cellulose, 
callose) to hydrophobic (sporopollenin) wall substances on the border between 
the sporophyte and the gametophyte, which is important for pollen dispersal 
(ch.3). 
b. The tapetal degeneration. 
During the young microspore stage the tapetum cells reach their largest 
size. The enlarging vacuoles, presumably filled with PAS-positive materials 
(Pacini and Franchi,1983), the increase of cytoplasmic lipids and ER, as well 
as the plastidial increase of starch and grey materials, presumably 
carotenoids (Reznickova and Willemse,1980), reflect the accumulation of 
different substances. After this stage the cells start to degenerate. The 
starch and lipid gradually disappear and are partly involved in the synthesis 
of the large amount of pollenkitt (ch.3). Mitochondria and dictyosomes have 
disappeared after the pollen mitosis, the nucleus degenerates slower, whereas 
most of the RER and ribosomes remain until the last degeneration stages and 
are partly deposited on the pollen grains as tryphine. In many species there 
is a close correlation between this degeneration and the appearance of 
reserve substances in the developing pollen grains (Echlin,1972; Christensen 
and Horner, 1974). In G^_ verrucosa the microspores have stored a large amount 
of starch before the tapetal degeneration becomes visible, rather due to the 
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callose breakdown than to tapetal supply (see below). This amount increases 
slightly up to the mitotic division. However, after this division, halfway 
the tapetal degeneration, the amount of cytoplasm in the vegetative cell 
increases sharply, while the locular fluid gradually disappears (ch.1). This 
would mean that tapetal breakdown products are stored temporary in the 
locular fluid, according to Pacini and Franchi (1983), and are only 
transferred to the pollen grains after the cytoplasm of the generative cell 
has been isolated from the vegetative cell. The persisting tapetal RER and 
ribosomes indicate a continuing synthesis of proteins, presumably lytic 
enzymes for the cell itself and sporophytic pollen wall proteins (Heslop-
Harrison et al.,1973). However, the incorporation of enzymes into the pollen 
coating must not be excluded, as RER often borders the developing globules of 
pollenkitt (ch.3) and ribosomes can finally be traced in the tryphine on the 
pollen grains. The transfer of the final tapetal content, i.e. mainly 
pollenkitt and a small amount of tryphine, to both the locule and the 
intercellular spaces between the epidermis and the endothecium is a result of 
capillary forces in the crowded locule (ch.3 and 4). 
Besides possible correlations between disappearing tapetal substances and 
appearing pollen substances, the apparently normal continuation of the pollen 
development on rather simple culture media in vitro (Tanaka and Ito,1980, 
1981; Tanaka et al.,1980) indicates a considerable autonomy for many of these 
processes. 
4. The developing pollen. 
a. The cytoplasm during meiosis. 
During meiosis dedifferentiation of ribosomes, plastids and mitochondria, 
as reported by Dickinson and Heslop-Harrison (1977) in the related Lilium 
hybrida, is not observed. Membrane-bound cytoplasmic inclusions develop to a 
small extent. This means that in G. verrucosa cytoplasmic changes from the 
diplophase to the haplophase are observable, but not so clear as in Lilium 
(Dickinson and Andrews,1977). On the contrary, the presence of nucleoids, 
related to cytoplasmic redifferentiaticn (Dickinson and Heslop-Harrison,1970) 
is evident. 
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b. Possible functions of the meiotic callose wall. 
The meiotic callose wall, also histochemically demonstrated in this 
species (ch.3), presumably originates from materials in the dictyosome 
vesicles in the proximity of the plasma membrane (Echlin and Godwin,1968; 
Willemse,1971a,b). About the role of these walls and their cytomictic 
channels different reports have appeared. Waterkeyn and Bienfait (1970) 
demonstrated a negative replica of the exine pattern on the inside of the 
callose wall of Ipomoea purpurea (L) Roth, and supposed a possible role in 
the determination of this pattern. In G. verrucosa such a pattern was also 
found (Willemse,personal communication). Heslop-Harrison and MacKenzie (1967) 
and Southworth (1971) demonstrated that certain molecules cannot penetrate 
the callose while others can, which suggests that the wall may act as a 
selective barrier during meiosis. Any selective role during development is 
likely after the observation that premature callose digestion is often 
accompanied by male sterility (Izhar and Frankel,1971). 
We assume a third function for this wall. In G^ verrucosa, as in many 
species, most of the callose is deposited in the corners of the original 
cell walls and turns the differently shaped meiocytes into spherical, equally 
shaped cells (Van Lammeren et al.,1985). This enables them to divide into 
four equally shaped and sized microspores, which excludes any selective 
influence of size and shape during pollen dispersal. This equal shaping is 
also effected by the symmetric arrangement of the colpi in the callosic 
sphere. Furthermore, the amount of callose necessary to reach a spherical 
inside depends on the size of each individual pollen mother cell and differs 
between the cells. This causes different voluminal changes of the cells 
during the callose deposition. For this, the cytomictic channels may be 
necessary to enable a cytoplasmic redistribution between the cells, by which 
also organelles are transported. Heslop-Harrison (1968) suggested a different 
function for these channels, being the creation of a syncytium which might 
synchronize the meiotic divisions. This may be true, although synchronous 
processes also occur in species without cytomictic channels, like Pinus 
sylvestris L. (Willemse,1971a,b). 
There are indications for the recycling of the considerable amount of 
callose breakdown products during the further development. Larson and Lewis 
(1962) reported the supply of compounds from the callose wall in favour of 
the cellulosic primexine. Besides, we find in G^_ verrucosa a sudden increase 
of the amount of starch in both the tapetum and the microspores shortly after 
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the callose digestion. We presume that these two tissues take up callose 
derived sugars from the locular fluid for their starch production, by which 
the callose can be regarded as an early reserve substance of the future 
pollen grains. Also the pecto-cellulosic walls of both the tapetum and the 
pollen mother cells may play such a role (Pacini and Franchi,1983). 
c. The meaning of polarity. 
P o l a r i t y appears immediately upon the formation of the microspores. The 
f i r s t s igns a re the cen t r i fuga l p o s i t i o n of both the nucleus and ER along the 
p l a sma membrane of t h e young t e t r a d , t h e ER p re sumab ly p r e v e n t i n g t h e 
depos i t ion of a fu l ly developed exine over the fu ture colpus (Willemse,1972). 
Dur ing t h e l a t e t e t r a d s t a g e t h e n u c l e u s m i g r a t e s t o t h e w a l l o p p o s i t e t h e 
colpus, due t o the a c t i v i t y of microtubules (Van Lammeren e t al . ,1985). After 
the c a l l o s e d iges t ion most of the cytoplasm has moved t o the area between the 
nucleus and the colpus, surrounded by the r ap id ly en larg ing vacuoles. In t h i s 
way the absence of p l a s t i d s in the genera t ive c e l l , repor ted before in t h i s 
s p e c i e s by Schroder (1985) , i s an i m p o r t a n t r e s u l t of t h e p o l a r i t y . 
Furthermore, the p o l a r i t y may play a r o l e in the dev ia t ing development of the 
g e n e r a t i v e c e l l . The p r e s e n c e of c a l l o s e i n t h e w a l l be tween t h e two c e l l s 
(ch.3) i s a f i r s t i n d i c a t i o n of t h i s dev ia t ion (Owens and Westmuckett, 1983). 
Moreover, t he confluence of v e s i c l e s (secundary lysosomes?) wi th the plasma 
membrane near the colpus in the young microspore i n d i c a t e s t h a t the flow of 
l o c u l a r f l u i d t o t h e p o l l e n g r a i n s o c c u r s ma in ly t h r o u g h t h e c o l p u s , 
s u g g e s t e d b e f o r e by Rowley and Flynn (1971) and C h r i s t e n s e n and Horner 
(1974). Th i s may be f a c i l i t a t e d by t h e r a d i a l l y d i r e c t e d p l a sma membrane 
e x t e n s i o n s . C o n s e q u e n t l y , t h e g e n e r a t i v e c e l l i s i s o l a t e d from the locu la r 
f l u i d , which may e f f e c t i t s d e v i a t i n g deve lopment and e x p l a i n s why t h e 
c a l l o s e i s r e s t r i c t e d t o the d iv i s ion wa l l . 
d. The pollen walls. 
The exine development of G. verrucosa is thoroughly described by Willemse 
(1972). Besides a protective function with storage sites for proteins 
(Knox,1984), its hydrophobic nature plays a role in pollen dispersal (ch.3). 
The elasticity of the exine is mainly restricted to its reduced part on the 
colpus, which allows a considerable harmomegathy. In the final developmental 
stages (8 and 9) this thin sporopollenin layer is disrupted due to the 
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enormous stretching of the colpus, by which the tied off plasma membrane 
undulations of the intine are opened towards the locule. As the latter is 
rather dry just before dehiscence (ch.1), this will presumably not lead to a 
loss of the hydrolytic enzymes and recognition substances which are stored in 
these sites (Knox, 1984). Part of the latter substances may originate from the 
ER which is bordering these plasma membrane undulations during their 
formation in the vacuolated microspore. 
e. The development of the generative cell. 
Soon after its deposition, the generative cell is tied off from the 
intine, by which its callose wall disappears (ch.3). Association of this 
process with microtubule activity (Dickinson,1975) was not found in G. 
verrucosa until now (Van Lammeren et al.,1985). On the contrary, the 
preferential presence of RER stacks near the edge of the generative cell in 
stage 7 indicates any role of these structures in the disjunction. Their 
preceding position around the nucleus has presumably to do with their 
formation. In the mature pollen grain comparable stacks appear along the 
entire surface of the generative cell, which makes their role in the storage 
of substances for germination (Jensen et al.,1974; Cresti et al.,1985) in G. 
verrucosa less likely. 
The final spindle shape of the free generative cell is maintained by many 
microtubules parallel to its long axis (Van Lammeren et al.,1985), which is a 
general feature (Sanger and Jackson,1971). The close association of the 
generative cell with the vegetative nucleus, also a general feature (Wilms et 
al.,1986), remains after pollen dehydration (Keijzer et al.,1986; Wilms et 
al.,1986) and may serve as a transport configuration. 
f. The structures in the mature pollen grain. 
Although starch is still present, the main reserve substance in the mature 
pollen grain of G;_ verrucosa is lipid, which agrees with the classification 
of Baker and Baker (1979) for Liliaceae. After the mitotic division the 
plastids gradually lose most of their starch and turn into an increasing 
number of elaioplasts, most of them containing a small starch grain. 
Quantitative data of the changing plastid population of the developing pollen 
grain in this species are reported by Willemse (1972). At the same time the 
amount of cytoplasmic lipid droplets increases, initially only around the 
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dissociating generative cell, but later on dispersed throughout the entire 
vegetative cell. This might indicate that the lipids have three possible 
sources: firstly, the callose from the generative cell wall, secondly, the 
starch and thirdly, soluble precursors from the degenerating tapetum, 
transported via the locular fluid. Apart from this lipid reserves, the ER 
which is lining the plastids at maturity indicates the future release of 
plastidial reserves (partly starch) during pollen tube growth (Cresti and 
Keijzer,1985). 
Conclusions 
The ultrastructural changes in the epidermis and the endothecium are 
strongly comparable and can be associated with the dehiscence process. Roles 
of these tissues in the pollen development can probably better be traced with 
labelling experiments (Reznickova,1983). 
Although the development of the middle layer indicates some similarities 
to the tapetum, its cytological changes are few, while its degeneration 
starts too late to give an important supply of breakdown products to the 
developing pollen. An exception may be the presence of cytoplasmic remnants 
in the tryphine. 
Partly according to the main tapetal functions reviewed by Pacini et al. 
(1985), the cell wall changes in both the tapetum and the developing 
pollen grains make the tapetum the main organizer of both the separation and 
dispersal of the male gametophyte from the sporophyte. The sequence of cell 
wall digestions, the tapetal degeneration, the locular fluid disappearance 
and the pollen development suggest a shift of carbohydrates from the original 
meiocyte walls to the tapetum, followed by an opposite transfer from the 
tapetum to the developing pollen grains, by which the locular fluid probably 
serves as a temporary storage site. A final function of the tapetum is the 
synthesis of pollenkitt, apart from (sporophytic) proteins as was reviewed by 
Knox (1984). 
An important role of the meiotic callose wall is the formation of equally 
sized and shaped pollengrains, besides a possible role as a selective barrier 
or an exine mold, known before. The polarity in the young microspores results 
in the exclusion of plastids from the generative cell as well as the 
temporary isolation of the latter from the locule. 
From this and earlier studies in this species different interactions 
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between the investigated anther tissues can be found. The collaboration 
between the epidermis and the endothecium seems to be rather clear, mainly 
supporting the dehiscence process (ch.2). Interactions between the middle 
layer and the bordering tissues are difficult to demonstrate, contrary to the 
results of Reznickova and Willemse (1980) in Lilium hybrida. In our opinion 
interactions between the tapetum and the developing pollen occur in two 
directions. Apart from the often described transfer of substances from the 
tapetum to the pollen grains, the meiocytes influence the tapetal development 
with the offer of derivatives from their original walls. In later stages a 
directing role of the pollen grains in the tapetal development can not be 
demonstrated and is probably absent (ch.4). However, for the transfer of the 
pollenkitt towards the pollen grains the presence of the latter is 













THE FILAMENT DEVELOPMENT OF GASTERIA VERRUCOSA 
C.J. K e i j z e r , I.H.S. Hoek and M.T.M. Wi l l emse 
Summary 
The developing filament of Gasteria verrucosa is investigated using 
interference contrast, transmission and scanning electron microscopy. This 
development is related to the anther development and the observations are 
discussed in relation to possible functions. 
The filament extends during its entire development, in the younger stages 
mainly in the basal region, in the older stages in the tip. Up to maturity 
the solidity is gradually improved by the deposition of wall materials in the 
intercellular spaces in both the epidermis and the parenchyma. Besides, the 
outer tangential epidermal wall and the cuticle are progressively thickened 
from the tip to the base of the filament, together with an extension of the 
surface of the latter by means of the formation of ridges on the wall. 
The amount of tracheary elements increases up to maturity as does the 
starch content of the epidermis and the parenchyma. From the pollen mitosis 
stage a progressive cytoplasmic degeneration can be observed from the tip to 
the base and from the central parenchyma to the epidermis. After anther 
dehiscence the filament tip has shriveled and the starch has disappeared from 
the entire filament. Both the latter phenomenon and the degeneration may be 
due to redistribution of substances to other floral parts. The presence of 
prominent intercellular spaces may be important for the supply of gas to the 
maturing locule. 
Introduction 
Contrary to the huge amount of work on the development of anther tissues, 
investigations concerning the development of the bordering filament are 
scarce. Schmid (1976) wrote a prominent work on the systematics of filament 
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anatomy, focussing on the different tissues and found some typical filament 
characteristics. Besides, he discussed the possible roles of the filament in 
anther dehiscence. Burck (1906) reported the retraction of water from the 
anthers through the filament in favour of anther dehiscence, but experiments 
of Hannig (1910) and Schmid and Alpert (1977) contradicting with these 
results. A few works deal with the vascular tissue of filaments 
(Ivancich,1906; Leinfellner, 1956) or the anatomical background of filament 
movements (Pfeffer,1904; Knoll,1914). In some cereals interrelationships were 
found between a poorly developed vascular tissue and the occurrance of male 
sterility (Shivanna and Johri,1985). However, these authors also report the 
normal development of this tissue in male sterile plants. Anderson (1980) 
reports the growth of pollen tubes from the non-dehiscent anthers through the 
filament, the receptacle and the carpels to the ovules in the cleistogamous 
flowers of some Malpighiaceae spp. 
In this chapter we investigated the filament development of Gasteria 
verrucosa (Mill.) H.Duval from the premeiotic stage up to anther dehiscence. 
Different aspects of anther development in this species, which were reported 
in chapter 1, 2, 3 and 5, are related to the filament development. 
Materials and methods 
Stamens of Gasteria verrucosa (Mill.) H.Duval in different stages of 
development were fixed in 3% glutar aldehyde for 3-4 hours and 1% osmium 
tetroxide for 2-3 hours, both in 0.1M cacodylate buffer (pH 7.2) at room 
temperature. After dehydration in ethanol they were embedded in the low 
viscosity resin of Spurr (1969). Ultrathin sections were stained with lead 
citrate and uranyl acetate and observed in a Philips EM 301 at 60 kV. For the 
detection of callose the grids with ultrathin sections were enclosed in a 
mixture of aniline blue (Jensen,1962) and a highly diluted aquous solution of 
calcofluor white M2R (Hughes and MacCully,1975) under a cover glass. The 
former dye stains the callose, the latter stains both callose and cellulose, 
but to a less extent than the former, thanks to the very low concentration. 
For interference contrast microscopy 2 um sections were cut from the same 
blocks and observed in water under a coverglass. For the same microscope 
intact filaments were immersed in the clearing solution of Herr (1971) and 
directly observed under a coverglass. 
To observe the internal structure using scanning electron microscopy, 
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filaments were treated according to the procedure of Cresti et al. (1986), 
and observed in a Jeol SEM 35c at 15 kv. Also fresh filaments were observed 
in the SEM for the cuticular structure-
Observations 
1. General development. 
The flower of G. verrucosa has two whorls of three stamens. The stamens of 
the outer whorl are shorter than those of the inner one, in which the apex of 
the outer anthers reaches the base of the inner anthers during the entire 
development. 
The filament of Gj_ verrucosa consists of an epidermis, surrounding a main 
tissue of parenchyma with a central vascular bundle. During the growth of the 
flower bud the filament extends continuously in longitudinal direction, 
keeping the anther in the top of the bud. In the younger stages this 
extension occurs mainly near the base of the anther, later on it is gradually 
replaced to the tip. In the older stages the apical region of the filament 
extends much faster per unit of time than the base in the younger stages, 
which is also seen in the tepals and the pistil. The anther itselve only 
stretches slightly. The tip of the filament is connected to the anther at 
about a third length from the anther base. Its vascular bundle is continued 
in apical direction in the connective tissue of the anther. It consists of 
one strain of spirally thickened tracheary elements and two strains of sieve 
elements (fig.1). The bundle terminates at about a third length from the 
anther apex. Just under this ending the amount of tracheary elements in cross 
section increases up to twice the mean number in the rest of the filament, 
the so called tracheid maximum (fig.2). 
2. The pollen mother cell stage. 
In the pollen mother cell stage both the epidermis and the parenchyma are 
characterized by vacuolized thin-walled cells with prominent intercellular 
spaces (fig.3). Near the tip of the filament some of these spaces are absent 
under the epidermis and thickened cell wall corners in their sites give the 
tissue a collenchyma-like appearance (fig.4). Along the entire length of the 
filament the cuticle is thin (fig.5). The epidermis and the peripheral 
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parenchyma layers contain some starch, the amount increasing towards the top 
region. Lipid is scarce in all the tissues, except in the accompanying cells 
of the sieve elements. ER is scarce, dictyosome vesicles are present near the 
plasma membrane in both the epidermis and the parenchyma, especially near the 
base of the filament (fig.5). The cells bordering the vascular tissue are 
rich in mitochondria as compared with the outer layers. In this stage the 
xylem contains four to six tracheary elements in cross section. Each of the 
two phloem strains has two to three sieve elements. 
3. The young microspore stage. 
In the epidermis the amount of starch has decreased. On the contrary, 
starch has appeared in the central parenchyma layers (fig.6), still 
increasing progressively towards the tip. Lipid droplets are now only found 
in the epidermis and the central parenchyma. Under the epidermis the number 
of intercellular spaces that have been filled with wall materials, has 
increased. This phenomenon is still mainly found near the tip. The cuticle 
has the same structure as in the previous stage. 
The walls of the sieve elements have been thickened by which they become 
visible after clearing the intact filament with Herr solution (fig.7). The 
amount of tracheary elements has slightly increased. 
1. General composition of the vascular bundle of G. verrucosa. The hooked 
helical thickened tracheary elements are situated opposite two separated 
strains of sieve elements, which are hooked as well. (121 Ox) 
2. After clearing with Herr's solution, the ending of the vascular bundle is 
visible in the connective tissue of the anther. In basipetal direction 
part of the tracheid maximum is visible. (61 Ox) 
3. The base of the filament in the pollen mother cell stage. The thin walled 
epidermis and parenchyma cells surround prominent intercellular spaces. 
In this example the xylem contains four tracheary elements. (200x) 
4. In the pollen mother cell stage the cell walls of the epidermis of the 
base of the filament have thickened corners. (1825x). 
5. Detail of fig.4. Dictyosome vesicles can be seen near the plasma 
membrane. (19300x) 
6. In the young microspore stage starch decreased in the epidermis, whereas 
it appeared in the central parenchyma (arrows). (625x) 
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4. The young pollen grain after mitosis. 
In the epidermis of the tip of the filament the amount of globules in the 
amyloplasts has increased. Shortly under the top the epidermis cells have 
strongly expanded in all directions by the growth of the vacuole. Starch is 
still present in the same tissues as in the previous stage. In the lower half 
of the filament lipid has slightly increased in the central parenchyma and 
appeared in the peripheral parenchyma. Along the entire length of the 
filament signs of degeneration can be observed in some individual cells of 
the central parenchyma (fig.8), increasing progressively from the base up to 
the tip. In the central parenchyma of the filament tip most of the 
intercellular spaces have been replaced by cell wall materials, comparable 
with the corners of the epidermis cell walls in the youngest stages. Also 
towards the tip of the filament the outer tangential wall of the epidermis 
has been thickened and ridges have been formed on its outside. This enlarged 
the surface of the cuticle, which itself has been thickened as well (fxg.9). 
7. In the young microspore stage the sieve elements have become visible 
after clearing intact fresh filaments with Herr's solution. In the centre 
tracheary elements (T) can be seen, although they are out of focus. 
(1325x) 
8. After the microspore mitosis degenerating cells (right) can be found 
bordering obviously vital ones. In the former clusters of ribosomes and 
plasma are visible, both the plasma membrane and the tonoplast are still 
present. (18500x) 
9. After the microspore mitosis both the cuticle and the outer tangential 
epidermal wall have thickened. The cuticle is lifted by undulations on 
the wall. (21600x) 
10. After the microspore mitosis newly formed'tracheary elements can be found 
in the tip of the filament. In these elements the dictyosome activity is 
high. (6050x) 
11. In the mature anther stage the amount and size of the starch grains 
increased in the filament tip. This photograph was made 200 um under the 
anther attachment site. (970x) 
12. In the mature anther stage large amounts of SER appeared in the epidermis 
of the upper 350 um of the filament. The undulation process of the 
cuticle has continued as compared with fig.9. (18500x) 
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In t h e t i p of t h e f i l a m e n t t r a c h e a r y e l e m e n t s a r e s t i l l b e ing formed 
( f i g . 1 0 ) , r a i s i n g t h e i r t o t a l number up t o 10 i n c r o s s s e c t i o n , t h u s 
extending the t r a c h e i d maximum downward from the anther i n t o the f i lament . In 
the r e s t of the f i lament the amount of t r ache ids remained constant as d id the 
number of s ieve elements . In the accompanying c e l l s a l a rge amount of l i p i d 
d rop le t s has appeared. 
5 . The mature anther s t a g e . 
In t h i s s t a g e t h e deve lopment of t h e main p a r t of t h e f i l a m e n t d i f f e r s 
from t h e upper 50 um. In t h e r e g i o n from 50 t o 500 um under t h e t i p s t a r c h 
reappeared in the epidermis and increased s t rong ly in the t i s s u e s where i t 
was a l ready p resen t (fig.11), contrary t o a decrease in the upper 50 um. From 
500 um t o t h e base of t h e f i l a m e n t t h e amount of s t a r c h r ema ined abou t 
c o n s t a n t . In t h e upper 350 um t h e amount of RER has d e c r e a s e d , w h i l e l a r g e 
amounts of tubu la r SER have appeared in both the epidermis and the parenchyma 
(fig.12). In t h i s s tage the replacement of i n t e r c e l l u l a r spaces by c e l l wa l l 
m a t e r i a l s under the epidermis and in the c e n t r a l parenchyma has extended t o 
abou t 350 um from t h e a n t h e r a t t a c h m e n t s i t e . In t h e l ower p a r t s t h e 
i n t e r c e l l u l a r s p a c e s p e r s i s t i n a l l t h e t i s s u e s . Most of t h e l i p i d , t h a t 
appeared in the previous s tage in the parenchyma of the lower hal f (=750 urn) 
of the f i l ament , has disappeared. 
S igns of d e g e n e r a t i o n , i n t h e p r e v i o u s s t a g e on ly i n some c e l l s of t h e 
c e n t r a l parenchyma, can now a l so be found in the p e r i p h e r a l parenchyma of t h e 
e n t i r e f i l a m e n t , a l t h o u g h s t i l l more f r e q u e n t l y n e a r t h e t i p . In bo th t h e 
epidermis and the parenchyma the amount of dictyosomes has increased over the 
e n t i r e length of the f i l ament , t h e i r v e s i c l e s a re of ten c lose t o the plasma 
membrane. The SER i s s t i l l p r e sen t in both t i s s u e s . 
The changes of the outer t a n g e n t i a l epidermal wa l l and the c u t i c l e , which 
s t a r t e d i n t h e t i p i n t h e p r e v i o u s s t a g e , have c o n t i n u e d ( f i g . 1 2 ) , showing 
gradual d i f fe rences from t h e t i p t o the base (fig.13). In the former zone the 
13. The u n d u l a t i n g c u t i c l e w i t h u n d e r l a y i n g w a l l r i d g e s a p p e a r e d 
p rogress ive ly from the base to the t i p of the f i lament . Fig.13a shows the 
t i p w i t h a p a r t of t h e a n t h e r , f i g . 1 3 e shows t h e b a s e . The f i g s . 1 3 b - 1 3 d 
r e p r e s e n t t h e i n t e r m e d i a t e s t a g e s . B e s i d e s , t he l ong i tud ina l c e l l s i z e 
inc reases from the t i p t o the base. (1425x) 
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c u t i c l e sometimes d i s s o c i a t e s from t h e wa l l (fig.14). Also the c u t i c l e , which 
i s p re sen t in some of the i n t e r c e l l u l a r spaces, shows such changes (f ig . 15). 
The amount of t racheary elements has s t i l l s l i g h t l y increased , by which 
young t r ache id s can be seen between older s t r e t c h e d ones in t h i s mature s tage 
( f i g . 16). The p o r e s be tween b o r d e r i n g s i e v e e l e m e n t s and be tween s i e v e 
elements and accompanying c e l l s have been f i l l e d wi th c a l l o s e , which could be 
h i s tochemica l ly de tec ted wi th a n i l i n e blue and ca lcof luor white s t a i n i n g on 
the same gr id as was used for the TEM-photograph (figs.17 and 18). 
6. Twelve hours a f t e r anther dehiscence. 
In t h i s s tage the upper 50 um of the f i l ament has dehydrated and sh r ive l ed 
a s d i d t h e e n t i r e d e h i s c e d a n t h e r ( f i g . 1 9 ) . In t h e f o l l o w i n g 300 um some of 
the p r o t o p l a s t s detached from the wa l l s . The cytoplasm appears d isorganized 
in a l l t he t i s s u e s (fig.20). The lower p a r t s of the f i l ament a re tu rgescen t , 
t h e c e l l shapes a r e comparab le w i t h t h e p r e v i o u s s t a g e , a l t h o u g h t h e 
c y t o p l a s m of p a r t of them shows s i g n s of d e g e n e r a t i o n ( f i g . 2 1 ) . I n t h e 
epidermis and parenchyma c e l l s of the lower half (=750 um) of the f i l ament 
d i c tyosome v e s i c l e s can be seen n e a r bo th t h e p l a sma membrane and t h e 
tonoplas t . Over the e n t i r e length of the f i l ament the s t a r ch and most of the 
l i p i d s have disappeared from these t i s s u e s . In the lower hal f p l a s tog lobu les 
appeared in the epidermis c e l l s . 
14. In the mature anther s tage the undula t ing c u t i c l e near the t i p sometimes 
d i s s o c i a t e s from the epidermal wa l l . (13500x) 
15. In the f i l ament t i p the i n t e r c e l l u l a r c u t i c l e s change l i k e the epidermal 
c u t i c l e , they form undula t ions and sometimes d i s s o c i a t e from the wa l l . 
(9200x) 
16. In t h e ma tu re a n t h e r s t a g e bo th young and o l d s t r e t c h e d t r a c h e a r y 
elements can be found in the vascular bundle of the f i lament . (1000x) 
17. In t h e ma tu re a n t h e r s t a g e c a l l o s e d e p o s i t s a r e v i s i b l e i n t h e p o r e s 
between two border ing s ieve elements . (27000x) 
18. The same g r i d as i n f ig .17 a f t e r s t a i n i n g w i t h a n i l i n e b l u e and 
c a l c o f l u o r w h i t e . The c a l l o s e s i t e ( a r r o w ) , which i s y e l l o w due t o 
a n i l i n e b l u e , can be d i s t i n g u i s h e d a s a w h i t e s p o t on t h i s p i c t u r e . The 
f a i n t y (b lue) c a l c o f l u o r w h i t e s t a i n i n g of t h e r e s t of t h e c e l l w a l l s 
serves as an o r i e n t a t i o n of the t i s s u e in t h i s u l t r a t h i n sec t ion . (3600x) 
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The c u t i c l e has t h e same s t r u c t u r e as i n t h e p r e v i o u s s t a g e , a p a r t from 
extreme undula t ions on the epidermis of the dehydrated zone (fig.22). In the 
dehydrated t i p the t racheary elements remained open (fig.23). 
Discussion 
1 . The vascular t i s s u e . 
A vascu la r bundle wi th separa ted s t r a i n s of s ieve elements and r e l a t i v e l y 
much phloem i s r a t h e r common in f i l aments (Schmid, 1976). The presence of two 
bundles of s ieve elements in both the f i l ament and the connective t i s s u e may 
have t o do wi th the two-lobed s t r u c t u r e of t h e anther . This i s l i k e l y , s ince 
Ivancich (1906) repor ted the t a n g e n t i a l s p l i t t i n g of both phloem and xylem in 
the f i l aments of some Amentaceae. 
Schmid (1976) r e l a t e d t h e emphas i s on phloem t o t h e c o n s i d e r a b l e 
n u t r i t i o n a l needs of t h e d e v e l o p i n g p o l l e n . Indeed i n G. v e r r u c o s a , a s i n 
most spec ies , t he po l l en gra ins a re gradual ly loaded wi th rese rve substances. 
Also t h e deve lopment of t h e t a p e t a l p o l l e n k i t t and t h e e n d o t h e c i a l w a l l 
t h i c k e n i n g s i n t h i s s p e c i e s (ch.5) j u s t i f y such a h y p o t h e s i s i n f avour of a 
c o n s i d e r a b l e phloem deve lopment . B e s i d e s , t h e s t amens deve lop i n s i d e t h e 
c l o s e d f l o w e r bud i n which t h e r e l a t i v e h u m i d i t y i s ve ry h igh and t h e 
e v a p o r a t i o n low (ch .2) . Magendans (1983) d e m o n s t r a t e d t h a t t h e amount of 
t r achea ry elements i n vein endings of Hedera cana r i ens i s Willd. l eaves , grown 
19. L o n g i t u d i n a l c u t t h r o u g h t h e c r i t i c a l p o i n t d r i e d f i l a m e n t t i p a f t e r 
a n t h e r d e h i s c e n c e . A s h a r p b o r d e r can be seen be tween t h e zones of 
co l lapsed and tu rgescen t c e l l s . (600x) 
20. After anther dehiscence the cytoplasm in the t i s s u e s of the f i l ament t i p 
has degenerated. (305Ox) 
2 1 . The degenerat ing cytoplasm in p a r t of the parenchyma c e l l s halfway the 
f i l ament a f t e r anther dehiscence. The plasma membrane lays aga ins t the 
c e l l wa l l . (18500x) 
22. In the dehydrated a p i c a l zone the c u t i c u l a r undulat ions approached each 
o ther by the shrinkage of t h e epidermal wa l l . (1650x) 
23 . In s p i t e of the shrinkage of the dehydrated f i l ament t i p , t he t racheary 
elements remain open. (1500x) 
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i n a r e l a t i v e h u m i d i t y of 97%, i s h a l f as much a s i n l e a v e s grown i n a 
r e l a t i v e humidity of 70%, thus decreas ing the xylem t o phloem r a t i o in humid 
condi t ions . This might be another reason for the emphasis on phloem in the 
s t amen . Al though e x p e r i m e n t a l e v i d e n c e f o r t h i s h y p o t h e s i s shou ld be ve ry 
i n t e r e s t i n g f o r a n t h e r deve lopment s t u d i e s , such e v i d e n c e i s d i f f i c u l t t o 
ob ta in as decreas ing the r e l a t i v e humidity i n s i d e the flower bud appeared t o 
be l e t h a l for the stamen (ch.1). 
The p r e s e n c e of e x c l u s i v e l y h e l i c a l w a l l t h i c k e n i n g s i n t h e t r a c h e a r y 
elements i s of ten found in f i l aments (Schmid, 1976). These s t r u c t u r e s , which 
a r e c h a r a c t e r i s t i c f o r e x t e n d i n g p l a n t p a r t s , r ema in open d u r i n g t h e 
c o n t i n u o u s e x t e n s i o n ( G r o o t a a r t s , 1 9 7 8 ) of t h e G. v e r r u c o s a f i l a m e n t . Th i s 
means t h a t the t r a n s p o r t i n g capaci ty inc reases cont inuously. Important water 
s i n k s i n t h e a n t h e r a r e t h e s w e l l i n g e p i d e r m i s and endo thec ium c e l l s n e a r 
ma tu r i ty , which a re r e spos ib l e for the anther opening (ch.2), and the po l l en 
gra ins themselves (Willemse,1972; ch .5) . A l l t h e s e c e l l s may r e c e i v e w a t e r 
from the f i l ament , al though they a l s o r e t r a c t water from t h e locu la r cav i ty 
(ch.1 and 4 ) , which must have been t r a n s p o r t e d t o t h e a n t h e r i n an e a r l i e r 
s tage . Besides, a continuous supply of water i s necessary for the enlargement 
of the stamen, but t h i s occurs r a t h e r s lowly, given the t o t a l t ime of stamen 
development in Gj_ verrucosa (ch.3 and 5). The ques t ion remains as t o why new 
xylem elements a re deposi ted up to matur i ty . Maybe the new elements serve as 
a r e p l a c e m e n t f o r t h e o l d e r e x t e n d i n g o n e s , which indeed r e m a i n open, bu t 
decrease t h e i r capaci ty as i s v i s i b l e in c ross s e c t i o n s . 
The inc rease of t r acheary elements near the ending of the vascu la r bundle 
( t rache id maximum) r e s e m b l e s t h e s t o r a g e t r a c h e i d s ( " S p e i c h e r t r a c h e i d e n " ) 
near the t i p of the vascu la r bundle of o ther p l a n t organs (Heinricher, 1885; 
Haberland, 1924). Schmid's (1976) suggest ion t h a t these t r a c h e i d s might s t o r e 
water t o prevent premature anther dehiscence seems un l ike ly , given the l a rge 
amount of water in the epidermis and endothecium c e l l s (ch.2) i n comparison 
w i t h t h e low c a p a c i t y of t h i s t r a c h e i d complex. P r e v e n t i o n of p r e m a t u r e 
dehiscence, i f necessary, w i l l presumably need a cons iderable supply of water 
from or t h r o u g h t h e f i l a m e n t , i n s p i t e of t h e e x t e n s i o n of t h e t r a c h e i d 
maximum t o the f i l ament t i p . 
Apart from the vascular t i s s u e , a second t r a n s p o r t system might e x i s t . The 
p e r s i s t i n g i n t e r c e l l u l a r s p a c e s i n t h e p e r i p h e r a l parenchyma and t h e 
connective t i s s u e , which a r e of ten found, a t l e a s t in f i l amen t s (Straw,1956; 
Schmid, 1976), may p l a y such a r o l e . We r e l a t e d t h e a p p e a r a n c e of gas i n t h e 
l o c u l a r c a v i t y , b e f o r e t h e s tomium i s opened, t o t h e t r a n s p o r t t h r o u g h 
102 
stomata and i n t e r c e l l u l a r spaces of the anther (ch.4). The presence of these 
spaces in the f i lament may a l s o have t o do wi th t h i s phenomenon, which means 
t h a t t h e gas migh t o r i g i n a t e from lower p l a n t p a r t s . The c u t i c l e t h a t we 
found in some of the i n t e r c e l l u l a r spaces, makes the t r a n s p o r t of gas r a t h e r 
p l a u s i b l e . On t h e o t h e r hand, P f e f f e r (1904) and Knol l (1914) r e p o r t t h e 
t r a n s f e r of w a t e r from t h e c e l l s t o t h e i n t e r c e l l u l a r s p a c e s , c a u s i n g 
voluminar changes on behalf of f i l amen ta l movements. 
2 . The extension and r i g i d i t y of the f i lament . 
In the extending p a r t s of the f i l ament ( i .e . t he base in the young s tages 
and l a t e r on t h e t i p ) d i c t y o s o m e v e s i c l e s a r e p r e s e n t n e a r t h e p l a sma 
membrane. They probably have a funct ion in the depos i t ion of wa l l m a t e r i a l s 
(Chrispeels,1980). Besides, t he presence of t ubu la r SER in the f i lament base 
n e a r m a t u r i t y i s r e m a r k a b l e . C r e s t i and K e i j z e r (1985) r e l a t e d such SER t o 
t h e t r a n s p o r t of e i t h e r p h o s p h o l i p i d i c components i n f avour of membrane 
formation or growth r e g u l a t i n g substances in the r ap id ly growing p o l l e n tubes 
of Nicot iana a l a t a Link and Otto. Although the r a t e of growth in the f i l ament 
t i p i s fa r l e s s than in po l l en tubes , i t i s r e l a t i v e l y quick i f compared wi th 
the f i l ament base in e a r l i e r s tages in which we found no SER. From t h i s po in t 
of view a comparable r o l e might be poss ib l e . 
From t h e p o l l e n mother c e l l s t a g e and e s p e c i a l l y t o w a r d s m a t u r i t y t h e 
i n t e r c e l l u l a r spaces under the epidermis and in the c e n t r a l parenchyma a re 
gradual ly replaced by wa l l m a t e r i a l s . A fu r the r wa l l th ickening t o form r e a l 
co l l enchyma does no t t a k e p l a c e . Schmid (1976) even r e p o r t s t h e g e n e r a l 
absence of collenchyma in f i l amen t s . However, these depos i t ions improve the 
r i g i d i t y of t h e f i l a m e n t , which may be n e c e s s a r y from t h e moment t h a t t h e 
a n t h e r s a r e no more t i g h t l y s u r r o u n d e d by t h e t e p a l s , i . e . from t h e 
microspore m i t o s i s s tage . 
A second p r o c e s s which may be r e l a t e d t o r i g i d i t y i s t h e c o n s i d e r a b l e 
t h i c k e n i n g of t h e o u t e r t a n g e n t i a l e p i d e r m i s w a l l and t h e t h i c k e n i n g and 
e n l a r g e m e n t of t h e c u t i c l e . In t h e f i l a m e n t t h e s e changes occur g r a d u a l l y 
from t h e t i p t o t h e b a s e . In t h e a n t h e r t h e e p i d e r m i s and c u t i c l e change 
s i m i l a r t o the t i p of the f i l ament , wi thout gradual d i f ferences between i t s 
t i p and base (ch .5) . Apar t from a r o l e i n r i g i d i t y , we c a r e f u l l y r e l a t e d 
these s t r u c t u r a l changes, and e s p e c i a l l y the en la rg ing c u t i c u l a r su r face , t o 
t h e improved a b i l i t y t o e v a p o r a t e i n f avour of d e h i s c e n c e (ch.1 and 5 ) , 
although the th ickening of the c u t i c l e con t rad ic ted wi th such an explanat ion 
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(ch.5). However/ s ince the c u t i c u l a r undula t ions on the f i l ament can a l s o be 
found on t h e r e g i o n t h a t does no t d e h y d r a t e and t h a t r e m a i n s more o r l e s s 
t u r g e s c e n t a f t e r d e h i s c e n c e , a d i r e c t r e l a t i o n s h i p w i t h e v a p o r a t i o n has 
become l e s s l i k e l y . Moreover, the gradual change from the t h i n smooth c u t i c l e 
on the base to the t h i ck undulated conf igura t ion on the t i p (comparable wi th 
t h e c u t i c u l a r t y p e s 6 and 2 r e s p e c t i v e l y from t h e c l a s s i f i c a t i o n of 
Hol loway, 1982) c o n t r a d i c t s w i t h t h e sharp border between the sh r ive l ed and 
t h e s w o l l e n p a r t of t h e f i l a m e n t . On t h e c o n t r a r y , t h i s g r a d u a l change i s 
accompanied by the proceeding cytoplasmic degenerat ion from the t i p t o the 
b a s e . Th i s migh t s u g g e s t an i n t e r r e l a t i o n s h i p be tween t h e s e p r o c e s s e s , 
poss ib ly a r i g i d i t y funct ion for the ou te r t a n g e n t i a l epidermal wa l l and i t s 
c u t i c l e d u r i n g a d e c r e a s i n g t u r g i d i t y . A l t h o u g h t h e s e i d e a s r e m a i n 
s p e c u l a t i v e , t h e c u t i c u l a r changes w i l l c e r t a i n l y have a f u n c t i o n , as we 
o b s e r v e d them c u r r e n t l y i n many randomly chosen s p e c i e s and on o t h e r 
reproduct ive organs l i k e p i s t i l s (Willemse and Franssen-Verheyen,1986). Also 
the f inding t h a t the c u t i c l e in i n t e r c e l l u l a r spaces develops in a s i m i l a r 
way, i s remarkable. 
A t h i r d r i g i d s t r u c t u r e w i l l be t h e s w o l l e n e p i d e r m i s c e l l s . As t h e i r 
i n c r e a s i n g v a c u o l a t i o n i s p r e c e d e d by s t a r c h breakdown, o s m o t i c a l w a t e r 
uptake i s l i k e l y . 
Schmid (1976) explained the often observed prominent i n t e r c e l l u l a r spaces , 
xylem lacunae as we l l as a t h i n c u t i c l e , as evaporat ion promoting f a c t o r s of 
the f i l ament . He wondered whether the t u r g i d i t y in the f i lament a f t e r an ther 
d e h i s c e n c e i s r e a l t u r g i d i t y , t h u s e m p h a s i z i n g t h e i m p o r t a n c e of o t h e r 
r i g i d i t y f a c to r s l i k e c e l l wa l l s . In G^ verrucosa we observed both s igns of 
degenerat ion and plasma membrane r e t r a c t i o n in the l a s t developmental s t ages . 
These phenomena support Schmid's idea. However, t he t o t a l absence of r i g i d i t y 
a few days a f t e r a n t h e s i s i n our s p e c i e s s u g g e s t s t h e c o n t r a r y . From a 
f u n c t i o n a l p o i n t of v i e w , one cou ld say t h a t t h e f i l a m e n t of G. v e r r u c o s a 
does no t need any r i g i d i t y a f t e r a n t h e s i s , s i n c e t h e f l o w e r i s h a n g i n g i n 
t h i s s t a g e (Grootaarts ,1978). 
In s p i t e of t h e deve lopment of d i f f e r e n t mechanisms t o keep t h e a n t h e r 
r i g i d a f t e r t h e d e g e n e r a t i o n of t h e c e l l s , t h e q u e s t i o n r e m a i n s as t o why 
t h i s degenerat ion occurs r e l a t i v e l y long before an thes i s . In the anther the 
ep idermis , endothecium and the parenchyma of t h e c o n n e c t i v e t i s s u e r e m a i n 
t u r g e s c e n t and u l t r a s t r u c t u r a l l y i n t a c t u n t i l d e h i s c e n c e . An e x p l a n a t i o n 
might be t h a t breakdown products of the degenerat ing c e l l s , which a re for t h e 
f i r s t t ime observed s h o r t l y a f t e r microspore m i t o s i s , a re r e d i s t r i b u t e d t o 
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o t h e r f l o r a l p a r t s , f o r example t o t h e p o l l e n g r a i n s t h a t a r e s t r o n g l y 
growing from t h a t moment. L i n s k e n s (1974) found a r e d i s t r i b u t i o n of amino 
a c i d s and p r o t e i n s from t h e s t amen t o t h e s t y l e a f t e r f e r t i l i z a t i o n i n 
Petunia hybrida. As t h i s s h i f t occurred r a t h e r quickly , t r a n s p o r t through the 
s ieve elements i s l i k e l y . In t h i s l i g h t the prominent ca l lo se depos i t ion in 
the pores between the s ieve elements sho r t l y before matur i ty , i s remarkable. 
However, s i n c e we cou ld no t f i n d such d e p o s i t i o n s be tween a l l t h e s i e v e 
e l e m e n t s , t h i s t r a n s p o r t sys tem may r ema in ( p a r t l y ? ) i n t a c t . Apar t from 
breakdown products of degenerat ing c e l l s , a l s o the sudden disappearance of 
t h e s t a r c h d u r i n g a n t h e r d e h i s c e n c e may be a comparab le m o b i l i z a t i o n of 
r e s e r v e s u b s t a n c e s f o r r e d i s t r i b u t i o n . B e s i d e s , t h e sudden breakdown of 
s t a r ch to sugars may cause an osmot ica l r e t r a c t i o n of water from border ing 
t i s s u e s . In t h i s way dehydration of the dehisc ing anther and the f i lament t i p 
may be promoted, apa r t from the r o l e of evaporat ion in t h i s process (ch.1 and 
2) . Burck (1906) p roposed such a w a t e r r e t r a c t i o n t o t h e n e c t a r i e s , bu t h i s 
experiments c o n t r a d i c t wi th l a t e r f indings of Hannig (1910), Wolff (1924) and 
Schmid and Alper t (1977). 
Associa t ions between changes of reserve substances (s ta rch and l i p i d ) and 
processes in the anther a re d i f f i c u l t t o f ind. In s p i t e of the considerable 
metabol ic a c t i v i t i e s during anther development (ch.2,3 and 5) , t he amount of 
s t a r c h in the f i l ament inc reases gradual ly up to matur i ty . On the cont ra ry , 
t h e c o n n e c t i v e t i s s u e l a c k s s t a r c h d u r i n g t h e e n t i r e deve lopment . Th i s 
d i f ference in s t a r ch content between the f i l ament and the connective t i s s u e 
( i .e . t h e con t inua t ion of the f i l ament i n the anther) i s q u i t e remarkable. In 
our o p i n i o n i t makes a r o l e f o r t h e s t a r c h i n t h e f i l a m e n t as a s t o r a g e 
p r o d u c t f o r a n t h e r deve lopment l e s s l i k e l y . The d e c r e a s e of s t a r c h i n t h e 
f i l a m e n t e p i d e r m i s i n t h e younger s t a g e s migh t have t o do w i t h bo th t h e 
th icken ing and the en la rg ing of the c u t i c l e from t h a t moment, s ince s i m i l a r 
changes in t h e anther a re accompanied by s t a r ch d i s so lu t i o n as we l l (ch.5). 
B e s i d e s , t h e s t a r c h d i s s o l u t i o n may cause t h e v a c u o l a t i o n of t h e c e l l s , a s 
was mentioned before. 
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Chapter 7 
THE PROCESSES OF ANTHER DEHISCENCE AND POLLEN DISPERSAL 
3.THE DEHYDRATION OF THE FILAMENT TIP AND THE ANTHER IN SOME MONOCOTYLOUS 
SPECIES 
C.J. Keijzer, I.H.S. Hoek and M.T.M. Willemse 
Summaxy 
The deve lopment of t h e f i l a m e n t t i p and t h e c o n n e c t i v e t i s s u e d u r i n g 
anther dehiscence were followed in Gas te r i a verrucosa . Allium cepa and Lil ium 
h y b r i d a u s i n g d i f f e r e n t m i c r o s c o p i c a l t e c h n i q u e s . Experiments wi th l i v i n g 
t i s s u e s in the SEM and d i f f e r en t kinds of micromanipulation were c a r r i e d out 
t o observe the behaviour of these dehydrating t i s s u e s . 
In Gj_ verrucosa an thes i s i s immediately followed by anther dehiscence, i n 
which t h e f i l a m e n t t i p d e h y d r a t e s and s h r i v e l s as w e l l . In L. h y b r i d a t h e 
f i l a m e n t t i p d e h y d r a t e s and s h r i v e l s b e f o r e a n t h e s i s . A f t e r a n t h e s i s t h e 
an thers s t a r t t o dehisce immediately. In A^ cepa the f i l ament t i p s t a r t s t o 
dehydrate and s h r i v e l s lowly immediately a f t e r a n t h e s i s . Anther dehydration 
and dehiscence occur up t o days a f t e r an the s i s and appear t o depend upon the 
r a t e of extension of the f i l ament . In a l l t h r e e species the epidermis c e l l s 
of the stomiums have d i s soc i a t ed a t a n t h e s i s . 
The d e l a y e d d e h i s c e n c e of A. cepa i s a s s o c i a t e d w i t h t h e absence of 
s t o m a t a on t h e a n t h e r , i n compar i son w i t h t h e i r p r e s e n c e on t h e a n t h e r s of 
t h e o t h e r two s p e c i e s . The c o n t i n u o u s l y open s t o m a t a ma in ly d e t e r m i n e t h e 
moment of d e h i s c e n c e a f t e r a n t h e s i s , i n s p i t e of t h e p r e s e n c e of an open 
stomium. 
The shr ink ing f i l ament t i p funct ions as a hinge and enables the anther t o 
dangle on the f i l ament a f t e r dehiscence. This i s supported by the presence of 
a l l - s i d e d t h i c k e n e d c e l l s i n t h e a n t h e r e p i d e r m i s o p p o s i t e t h e f i l a m e n t , 
which prevent the i n s i d e - o u t bending locu le wa l l s t o embrace the f i l ament . 
Th i s improved m o b i l i t y of t h e a n t h e r may have t o do w i t h an o p t i m a l 
co l l abo ra t i on wi th the p o l l i n a t o r s . 
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Introduction 
Observations on the behaviour of the filament and the connective tissue 
during anther dehiscence are sometimes currently described in works that deal 
with anther development (Mepham and Lane,1969b; Pacini,1986). Special studies 
on this topic are scarce (Schmid,1976; ch.6). Schmid (1976) wrote a prominent 
work on filament development. He related different typical filament 
characteristics to anther dehiscence, although he did not especially focus on 
the filament tip. Kenda (1950,1952) observed stomata on the stamens of many 
species and reported their preferential presence on the connective tissue, 
contrary to their general absence on filaments. 
Recently we investigated the filament development of Gasteria verrucosa 
and found that the tracheary elements in the collapsing filament tip remained 
open during dehiscence (ch.6). Besides, we related the sudden decrease of 
starch at dehiscence to a possible osmotical water retraction from the anther 
to the filament in favour of anther dehydration and dehiscence. Apart from 
its strong dehydration and shrinkage at anther dehiscence, the filament tip 
forms a relatively well developed solidity system by thickening different 
sites of the epidermis cell walls as well as the cuticle. 
In this chapter the behaviour of both the filament tip and the connective 
tissue were investigated in three monocotylous species which differ on 
essential points concerning the development of these tissues. 
Materials and methods 
In this investigation stamens of Gasteria verrucosa (Mill.) H.Duval, 
Lilium hybrid cv. Enchantment and Allium cepa L. were used. 
To observe dehydration processes, fresh stamens were observed in a Jeol 
SEM 35C at 15 kv for one hour. 
The conductive ability of the xylem was determined by placing the base of 
dissected stamens in an aquous solution of 1% acid fuchsin. This solution is 
sucked by the xylem and directly observable, thanks to the colourless 
epidermis and parenchyma of the filaments. The influence of different organs 
on anther dehiscence was determined by placing these isolated organs in the 
same relative humidity, after which anther dehiscence was followed with a 
stereo microscope. In a similar way also the influence of stomata on anther 
dehiscence was determined by sealing the stomata with acid-free vaselin. 
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For electron microscopy pieces of stamens in different developmental 
stages were fixed in 3% glutar aldehyde for two hours and 1% osmium tetroxide 
for 45 minutes, both in 0.07M cacodylate buffer (pH 7.2) at room temperature. 
After dehydration in ethanol they were embedded in the low viscosity resin of 
Spurr (1969). Ultrathin sections were stained with lead citrate and uranyl 
acetate and observed in a Philips EM 301 at 60 kV. 
For interference contrast microscopy 2 um sections were cut from the same 
blocks and observed in water under a coverglass. 
Observations 
1. Gasteria verrucosa. 
To observe the dehydration pattern, fresh organs were observed in the 
vacuum of the SEM, combining the advantages of a detailed observation and a 
promoted evaporation. For this, the tepals were removed from isolated flower 
buds just before anthesis, after which the receptacle with the stamens and 
the pistil was placed in the SEM. Fig.1 shows the dorsal side of a stamen a 
few minutes after entering the microscope. Fig.2a is a detail of fig.1 and 
was photographed about two minutes afterwards. In the tip of the filament 
some of the epidermal cells slightly collapsed. This concerns mainly cells of 
the extremely dorsal side of the filament. Fig.2b was made ten minutes later. 
The dehydration process continued. Some of the cells collapsed so strongly 
that the radial walls protrude. Apart from the tangential direction, a 
longitudinal shrinkage can also be observed. After 22 minutes (fig.2c) the 
dehydration process continued. In some cells bordering the initial 
dehydrating cells, signs of shrinkage can be observed as well. Fig.2d shows 
the situation 36 minutes after the beginning. The shrinkage of the 
dehydrating epidermis cell proceeded. In later stages the outward bending 
"walls" of the locules prevent the further observation of the filament tip. 
During the whole process the cuticle-covered wall ridges undulate much 
stronger in the region where the cells border their tangential neighbours 
(fig.3). The number of ridges remains constant during dehydration. In spite 
of the strong dehydration, the stomata, which are only found on the 
connective tissue of the anther in this species, remain open (fig.4). 
The situation in fixed material confirms the dorsiventral polarization of 
the dehydration process of the filament (fig.5). The epidermal cells opposite 
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the tepals collapsed whereas opposite the anther they still have a 
considerable lumen. 
In the lower part of the anther the walls of the epidermal cells are all-
sidedly thickened like sklerenchyma. After dehiscence the shapes of these 
cells remain unchanged (fig.6). Accordingly, this site does not shrink or 
bend inside-out as does the rest of the anther and especially the locule 
walls. 
To determine the conductive ability of the xylem and the evaporation 
ability of the stamen, isolated flowers or flower buds of different 
developmental stages were placed in acid fuchsin. Three different situations 
were tested: intact flower buds, decapitated buds and buds filled with water. 
The results from the former two treatments can hardly be distinguished. 
However, the flower buds filled with water show a slower rate of fuchsin 
transport than in the other two treatments. 
Also the influence of the stomata on dehiscence was tested. For this, the 
tepals were removed from mature closed flower buds in situ and the site of 
the stomata (fig.4) of some of the anthers was sealed with acid-free vaselin. 
Within one hour the untreated anthers started to dehisce, while the treated 
ones remained closed for many hours and finally dehisced very slowly. 
1. The hydrated fresh stamen of G. verrucosa from a flower bud shortly 
before anthesis, a few minutes after its entrance in the SEM. (60x) 
3. Detail of the filament epidermis of G. verrucosa from the same stage as 
fig. 1b. Near the radial walls the cuticle undulates stronger than on the 
rest of the cell. On the contrary, near the transverse walls it undulates 
to a lesser extent. (1100x) 
4. The (fresh) anther of G^_ verrucosa after 20 minutes in the SEM. The 
stomata on the connective tissue remain open during the dehydration. 
(85x) 
5. The filament tip of G^_ verrucosa shortly after anthesis. Note the 
dorsiventral polarization. On the dorsal side the epidermal cells 
collapsed (arrow) while opposite the anther they still have a 
considerable cell lumen. (200x) 
6. The all-sidedly thickened epidermis cells on the lower parts of the 
anther of G. verrucosa, opposite the filament. (425x) 
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2. Allium cepa. 
Contrary to the previous species the anthers of A^_ cepa lack any stomata. 
Also the behaviour of the filament tip differs from G^_ verrucosa, which can 
be observed in the SEM. Once anthesis has started (fig.7), the filaments of 
the inner whorl of stamens start to extend, lifting the anthers out of the 
opening bud. In this stage the stomium of each theca is open. One day later 
anthesis has proceeded (fig.8) and the mentioned anthers dehisced 
simultaniously. The anthers of the outer whorl still may remain closed for 
many hours up to one or two days, but finally they also stretch and dehisce 
(fig.9). Although this is the most common sequence of events, a considerable 
number of flowers show differences between the stamens of one whorl (fig.10). 
In these flowers the anthers dehisce with intervals of one to many hours, 
with the remarkable characteristic that the filaments of the dehiscing 
anthers stretch to a larger extent than those of the closed ones. When 
finally the latter anthers dehisce, their filaments have stretched as well, 
leading to the situation in fig.8. 
During this process the tip of the filament starts to shrink immediately 
upon the start of anthesis. Fig.11 shows a part of the stamen in this stage, 
comparable with fig.7. The shrinkage of the filament tip can be seen between 
the two thecae of the anther. Figs.12a-d show cross sections of this stage. 
In the connective tissue both the vascular bundle and the bordering 
parenchyma are turgescent (fig.12a). In a lower site, where the filament 
still contacts the turgescent connective tissue, the epidermis cells and some 
2. The fresh, dehydrating filament tip of G^_ verrucosa inside the SEM. 
(600x) 
a. Detail of fig. 1, photographed two minutes later. The slightly shrunken 
epidermal cells (S) on the extreme dorsal side can be distinguished 
from their more turgescent neighbours (T). 
b. Ten minutes later the dehydration has proceeded in that the radial 
walls (arrows) extrude in comparison with the collapsed tangential 
wall. 
c. After 22 minutes the epidermal cells bordering the extremely dorsal 
ones also start to collapse (arrow). 
d. After 36 minutes the dehydration has continued. The outward bending 
locule "walls" start to mask the filament tip. 
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of the parenchyma cells on the dorsal side of the filament have collapsed 
(fig.12b). This selective process is sharply restricted to individual cells 
(fig.13). In the site where the filament just separated from the anther, most 
of the epidermis cells of the filament collapsed (figs.12c and 14), except 
those opposite the connective tissue. Just under the anther base the filament 
looks turgescent (fig.12d), as does the rest of the filament down to its 
base. 
To determine the conductive ability of the xylem and the evaporation 
ability of the Stamen, isolated stamens with dehisced and non-dehisced 
anthers from the same whorl of stamens (as in fig.10) were placed in acid 
fuchsin. In the stamens with dehisced anthers the fuchsin transport occured 
twice as fast as in the non-dehisced ones. 
To compare the time needed to dehisce, both anthers with and without their 
filament were cut off from flowers just after anthesis (as in fig.7) and were 
laid down beside the donor plant, i.e. in the same relative humidity. The 
isolated organs dehisced slower than those on the plant. The possession of a 
filament did not influence the dehiscence process of the isolated anthers. 
3. Lilium hybrida. 
The anther of L^ hybrida has stomata on both the connective tissue and the 
locule walls. These were always found open during the entire development 
until after dehiscence. 
Contrary to the other species the filament is attached to the ventral side 
7. The flower of Aj_ cepa shortly after anthesis. The anthers are still 
turgescent and remain closed for a relatively long time. (18x) 
8. The flower of A^ cepa one day after the stage of the previous figure. 
Part of the petals and sepals have been removed. The inner whorl of 
anthers has dehisced. (18x) 
9. The flower of A^_ cepa one day after the previous stage. Part of the 
petals and sepals have been removed. Both whorls of anthers dehisced. 
(18x) 
10. A flower of A. cepa with asynchronously dehiscing anthers within one 
whorl. The anther in the front is still closed, contrary to his two 
dehisced companions in the whorl. One of the anthers of the other (non-
dehisced) whorl is not visible. (18x) 
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of the anther. On this side the slit between the two thecae is much deeper 
than on the dorsal side. Before anthesis the filament tip is embraced by the 
two thecae of the mature, closed anther (fig.15), almost invisible from the 
outside. The epidermis cells of the connective tissue opposite the filament 
are small and their walls are all-sided thickened, compared with the 
epidermis cells of the two bordering locules (fig.15). Two days before 
anthesis the filament tip shrivels, while the anther remains turgescent 
(fig.15). At that moment the stomium cells of the anther have dissociated. 
Immediately after anthesis the anthers start to dehisce, which is completed 
within a few hours. Thanks to the strong tangential shrinkage of the 
dehydrating locule walls and the presence of the non-shrinking thickened 
epidermis cells of the connective tissue, the initially embraced filament tip 
is set free (fig.16). In this way the anthers dangle freely on the filaments 
once the dehiscence has completed. 
The pattern in which the filament tip collapses agrees with the process in 
the other two species. The epidermis and the outer parenchyma cells are the 
first to collapse (fig.17), a process that starts on the outside-directed 
side (i.e. in the case of L. hybrida ventral) of the filament. 
Discussion 
The morphology of the anthers in the different stages of dehydration in 
the SEM is similar to those in each of these stages from naturally dehiscing 
anthers in situ (Keijzer, unpublished data). Consequently, the forced SEM 
11. The tip of the stamen of A. cepa shortly after the stage of fig.6. The 
filament tip slightly started to shrink as did the tip and base of the 
anther. (80x) 
12. Cross sections of the connective tissue and the filament of A.cepa in 
the stage of fig.11. (400x) 
a. In the connective tissue all the cells are turgescent. 
b. In the site where the filament just contacts the anther, the epidermis 
and some parenchyma cells of the dorsal side have collapsed (arrows). 
The connective tissue is turgescent. 
c. A little bit lower the process of fig.12b has increased. 
d. Underneath the anther base the filament is still turgescent. 
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dehydration represents the natural process, with the exception of the much 
higher rate of evaporation. This means that a comparison between the time 
and the rate of shriveling does not reflect the natural situation. 
Until anthesis the six anthers of G. verrucosa are completely hydrated 
(ch.1, 2 and 5). The slight shrinkage in fig.2a is probably due to the free 
evaporation between the moment of flower bud opening and the moment in which 
the picture could be made. In this species anthesis is immediately followed 
by dehiscence (ch.1 and 2). The anther dehydrates together with the filament 
tip (ch.6), in which the rate of evaporation differs between bordering cells. 
The sharp border between the hydrated and the dehydrated zones indicates that 
the dehydration is restricted to certain cells. As the cuticular ridges 
approach each other and their number remains unchanged, it is clear that the 
outer tangential wall shrinks during this process. This turns the cuticle-
wall-complex into a very compact structure, which probably has a function in 
rigidity (ch.2 and 6). No ultrastructural differences could be observed in 
either the cytoplasm, the walls or the cuticle between individual cells of 
the dehydrating zone or between the two zones (ch.6). This means that the 
background of this differentiation could not be detected until now. 
From the fuchsin experiment some conclusions concerning evaporation can be 
13. A detail of the epidermis and the periphere parenchyma of the filament of 
A. cepa in the zone of fig. 12b. The dehydration process is restricted to 
certain cells. (1650x) 
14. A detail of the epidermis and periphere parenchyma of the A^_ cepa 
filament in the stage of fig. 12c. The dehydration is restricted to the 
outer layers. (3200x) 
15. In the closed flower bud of L. hybrida the filament tip shriveled 
strongly and is embraced by the connective tissue and the bordering 
locule walls. The epidermis cells of the connective tissue are all-sided 
thickened. (24Ox) 
16. After dehiscence the filament tip of L. hybrida is set free thanks to the 
shrinking locule walls and the rigid, thickened epidermis cells of the 
connective tissue. The upper part of the filament has shriveled, the 
lower parts are turgescent. (36x) 
17. The outside-directed side of filament tip of L. hybrida dehydrates in an 
earlier stage than the side opposite the connective tissue. The collapse 
of cells proceeds from the epidermis towards the centre. (240x) 
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drawn. Although the relative humidity in the closed flower bud is high enough 
to prevent anther dehydration and dehiscence (ch.2), it is lower than 100%, 
given the delayed fuchsin uptake after filling the bud with water. The 
transport of fuchsin to the anther agrees with the observation that the 
tracheary elements in the shriveling zone remain open (ch.6). 
Contrary to the situation in G^_ verrucosa (ch.2) and L^_ hybrida, the 
anther of Aj_ cepa does not dehisce immediately after anthesis. Given the 
results of the evaporation experiments, this retarding is mainly controlled 
by the anther itself, as dissected anthers keep their water for many hours, 
contrary to the immediately dehiscing G^ verrucosa anther (ch.2). The 
possession of a filament does not influence the speed of dehiscence of the 
dissected A. cepa anthers. The slight delay of dehiscence of the dissected 
organs as compared with the intact flower on the plant, indicates any water 
retraction from the anther through the filament to the lower plant parts. 
Another possibility is a hormonal signal from these parts to the anther to 
promote evaporation and dehiscence. 
The difference between the moment of anther dehiscence of extended and non 
extended stamens within one flower of A^_ cepa is considerable. Up to now our 
current microscopical observations could not yet reveal any decreasing 
structural water barrier in the filaments of the two extension stages. The 
during the extension narrowing tracheary elements probably do not play a role 
in this difference, given the slight decrease of their capacity. Preliminary 
results from experiments with Triticum aestivum L. stamens, carried out 
recently, revealed a special layer in the filament tip. Together with the 
xylem gaps in the extending Poaceae filaments (ch.2), this would mean a 
remarkable specialization in the grasses, which might help us to answer the 
questions in the monocotylous species in the future. 
In A^_ cepa anther dehiscence is preceded by degeneration and a slight 
shrinkage of the filament tip. In this respect A. cepa can be considered as 
an intermediate between Gj_ verrucosa, which does not show this phenomenon, 
and L. hybrida, which has a dehydrated filament tip before anthesis and 
dehiscence. In A^ _ cepa and L^_ hybrida this dehydration occurs relatively 
slow, so that the different stages could be observed. The epidermis cells are 
the first to collaps, followed by the peripheral parenchyma cells. This 
suggests that evaporation plays a role in this process. During dehiscence 
both the filament tip and the anther shrivel strongly. 
The all-sided thickened cells in a part of the anther epidermis of G. 
verrucosa and L. hybrida opposite the filament prevent the shrinkage of the 
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anther after dehiscence in these sites. In this way the shriveling filament 
tip is not embraced by the inside-out bending locule walls, by which it can 
work as a hinge. This enables the anther to dangle more or less freely, which 
determines its way of exposition towards pollen vectors. The presence of such 
cells appears to depend upon the species and may function in favour of an 
optimal collaboration with the pollinators. A comparison with this aspect of 
the floral biology will be interesting. 
In our opinion the need of a hinge is a main function of the dessiccation 
and shriveling of the filament tip. A role in cutting off further water 
supply to the anther is unlikely, given the open tracheary elements in this 
zone. 
The question remains as to why the filament tip of L. hybrida shrivels 
relatively long before anthesis. This apparently does not accelerate 
dehiscence as L^_ hybrida dehisces much longer after anthesis than G. 
verrucosa, which has no premature shriveling filament tip. This supports our 
theory concerning the function of the shriveling, mentioned above. Moreover, 
in both A. cepa and L. hybrida the effect (a dangling anther) is only 
present (and needed) after anther dehiscence, since the turgescent locule 
walls before dehiscence tightly embrace not only the dehydrated filament tip, 
but also a part of its turgescent zone. In this way the stamen becomes a 
rigid, turgescent rod over its entire length. 
The generally delayed collapse of the anther-directed side of the filament 
tip, as compared with the other side, may be due to the micro-environmental 
humidity around the filament, as ultrastructural differences between the two 
sides could not be found. In our opinion this polarity is a phenomenon of 
minor importance. 
It must be emphasized that the aspects mentioned above only concern the 
dehydration and shriveling of the tissue and not the cytoplasmic degeneration 
or the decreasing turgescence, which we observed before in larger zones of 
the filament (ch.6). The latter phenomena may have to do with redistribution 
of substances to other plant parts (Linskens,1974; ch.6), apart from possible 
functions in favour of anther dehiscence. 
The observation that the stomata of G^_ verrucosa and L;_ hybrida are 
continuously open during the dehydration process, agrees with earlier reports 
on other species (Kenda,1952; Schmid,1976). In many species they remain open 
during the entire stamen development, which is reflected in their unchanging 
plastidial content (Kenda, 1952). They probably only promote evaporation in 
favour of anther dehiscence (Schmid,1976). Their absence on the A. cepa 
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anther coincides wi th the delayed dehiscence a f t e r a n t h e s i s , as compared with 
the o ther i n v e s t i g a t e d spec ie s , which do have stomata on the anther . Also the 
f u c h s i n e x p e r i m e n t i n A^_ cepa s u p p o r t s t h i s o b s e r v a t i o n , a s t h e d e h i s c e d 
a n t h e r e v a p o r a t e s f a s t e r t h a n t h e c l o s e d one. E s p e c i a l l y t h e c l e a r r e s u l t s 
from t h e v a s e l i n e x p e r i m e n t w i t h G^ v e r r u c o s a d e m o n s t r a t e s t h e i r s t r o n g 
i n f l u e n c e on t h e speed of d e h i s c e n c e . In s p i t e of t h e opened s tomium, t h e 
t i g h t l y i nward b e n t l o c u l e w a l l s (ch.2) p r e v e n t a r a p i d d e h y d r a t i o n of t h e 
a n t h e r v i a t h e t a p e t a l s i d e of t h e l o c u l e w a l l s , i n bo th t h i s v a s e l i n 
experiment and in A. cepa. In our opinion the presence and amount of s tomata 
m a i n l y d e t e r m i n e t h e moment of p o l l e n e x p o s i t i o n t o a l a r g e e x t e n t . T h i s 
conclusion agrees wi th our idea (ch.6) t h a t the enlargement of the c u t i c u l a r 
s u r f a c e by t h e w a l l r i d g e s h a r d l y p r o m o t e s e v a p o r a t i o n . Th i s s u p p o r t s our 
hypothesis t h a t s o l i d i t y i s the main goal of e i t h e r the c u t i c u l a r extension, 
the formation of wa l l r idges as we l l as the th icken ing of the epidermal wa l l 
(ch.5 and 6 ) . 
A comparable v a s e l i n experiment t o determine the stomata a c t i v i t y could 
not be c a r r i e d out wi th L^ hybrida an the rs . Given the d i s t r i b u t i o n of s tomata 
over the e n t i r e surface of both the connective t i s s u e and the thecae , s e a l i n g 
t h e s t o m a t a would a l s o mean s e a l i n g t h e c o m p l e t e a n t h e r i n t h i s s p e c i e s . 
Accord ing t o Kenda (1952) who i n v e s t i g a t e d ove r 350 s p e c i e s , s t o m a t a a r e 
m o s t l y found on t h e c o n n e c t i v e t i s s u e . In some s p e c i e s t h e y a r e p r e s e n t on 
the thecae , whi le they a r e seldom found on f i l amen t s . The number of s tomata 
on an thers ranges widely, from one t o many. Kenda repor ted Lil ium henryi L. 
t o have the h ighes t number of s tomata (224 per square mm). Their inf luence on 
dehiscence w i l l c e r t a i n l y be decreased by the capaci ty of the an ther , which 
i s f o r example r e l a t i v e l y h igh i n c a s e of t h e l a r g e L i l i u m a n t h e r s . Given 
t h i s i n t e r r e l a t i o n s h i p between s tomata, water capaci ty and a probable water 
supp ly t h r o u g h or r e t r a c t i o n i n t o t h e f i l a m e n t (ch .6) , s t o m a t a on a n t h e r s 
determine t h e moment of p o l l e n expos i t ion and accordingly may inf luence t h e 
occurrence of phenomena l i k e protandry or protogyny. In t h i s l i g h t they may 
be i m p o r t a n t f o r t h e o c c u r r e n c e of s e l f - o r c r o s s p o l l i n a t i o n . From t h a t 
p o i n t of view a f l o r a l b i o l o g i c a l approach of the t h e s i s of Kenda (1950) may 
be i n t e r e s t i n g . 
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Chapter 8 
IN VITRO CULTURE AND INTRASPECIFIC TRANSPLANTATION OF TETRADS INTO OLDER 
ANTHERS 
M.C. Reinders and C.J. Kei jzer 
Summary 
To reveal the influence of the callose wall during microsporogenesis/ 
tetrads of Gasteria verrucosa were transplanted to older anthers in the free 
microspore stage. Besides, tetrads were cultured in vitro. 
In the transplantation experiments the callose walls of the tetrads 
sometimes dissolved, in other cases they persisted. In the latter cases the 
tetrads could be recognized 48 hours after the transplantation in the 
acceptor population. They had formed starch and vacuoles, according to the 
behaviour of the acceptor population, but to a lesser extent than in the 
latter cells. 
Tetrads in vitro in a Nagata and Takebe medium with 10% sucrose formed 
large amounts of starch and vacuoles. After 12 days they expanded and broke 
out of the callose wall, after which they appeared to have formed a cellulose 
wall. The latter phenomenon also occurred when artificially enzymatically 
released protoplasts from tetrads were cultured on this medium. 
Tetrads cultured in an aquous solution of 1% glucose did not form starch 
and vacuoles. In this medium the callose walls of the older tetrads (with an 
exine) were dissolved and the cells released. 
The relationships between the callose wall and the different changes in 
the explanted cells are discussed and compared with the normal development. 
Introduction 
As a p a r t of our s t u d i e s on t i s s u e i n t e r a c t i o n s i n s t a m e n s , an i n - v i t r o 
and s e m i - v i t r o program was s t a r t e d t o c l a r i f y aspec ts of the po l l en tapetum 
i n t e r a c t i o n and the r o l e of the meio t ic c a l l o s e wa l l . 
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Recently, Pacini et al. (1985) reviewed the important role of the tapetum 
in pollen development. On the contrary, Tanaka and Ito (1980,1981) and Tanaka 
et al. (1980) reported the apparently normal development of microspores and 
pollen of Lilium longiflorum Thunb. on rather simple culture media in vitro. 
This indicates that the supply of very specialized substances from the 
tapetum is not absolutely necessary and that the developing pollen grains are 
rather autonomous. Although these contradicting results may not be mutually 
exclusive, many aspects of the role of the tapetum and the locular fluid 
remained still unclear, in spite of our investigations on this topic (ch.5). 
To answer such questions, we changed the synchronity between the microspores 
and the tapetum. For this, we transplanted tetrads of Gasteria verrucosa 
(Mill.) H.Duval to further developed anthers of the same species and followed 
their development during a few days. Furthermore, we cultured isolated 
tetrads on different media in vitro. 
Given the development of the tapetum in the male sterile Aloe vera, which 
appeared to be independent upon the presence of vital microspores (ch.4), a 
normal and continuing tapetal development may be expected during a 
confrontation with younger microspores in the transplantation experiments. 
Also the rather asynchronous development of the pollen grains in anthers 
during the winter period makes such an expectation plausible. Willemse (1981) 
transferred G^_ verrucosa microspores to Lilium hybrida anthers and 
demonstrated chemical similarities in the composition of the pollen walls of 
both species. This indicates that the (tapetal) deposition of exine materials 
continues, also on non-specific pollen grains. 
As an aid to compare the microspores from these experiments with those in 
the normal situation, the ultrastructural description of the pollen 
development in this species was used (ch.5). 
In this chapter the first results from in-vitro and transplantation 
experiments are presented. The final goal of these experiments will be the 
complete control of pollen development, in order to influence this process 
for breeding purposes. This is a rather uncommon approach, as pollen cultures 
in vitro are mostly used for androgenic purposes (see the review of 
Maheshwari et al.,1982). 
Materials and methods 
For in-vitro culture experiments, anthers of Gasteria verrucosa (Mill.) 
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H.Duval in the tetrad stage were surface-sterilized in 70% ethanol for 10-30 
seconds and in 2% potassium hypochloride for 2-5 minutes. After rinsing twice 
in aqua bidest for 10 minutes, the anthers were decapitated with a razor 
blade and the tetrads were carefully removed. Next they were cultured in two 
different media: 
1. A droplet of the liquid medium of Nagata and Takebe (1971) with 10% 
sucrose (0.3M) but without mannitol. This droplet was situated between a 
microscope slide and a cover slide, in which the latter was placed on two 
other cover slides, thus forming a bridge. This construction was sealed with 
sterilized acid-free vaselin. 
2. A droplet of an aquous solution of 1% glucose (0.06 M). These cultures 
were carried out in culture slides no. 665161 of Greiner and Sons. 
Young microspore protoplasts were artificially released from their callose 
walls by incubating tetrads for 45 minutes in the mentioned medium of Nagata 
and Takebe with 10,000 units/ml Snail Digestive Juice (Koch-Light), which 
contains callase. The protoplasts and debris were rinsed twice in the medium 
without this enzyme mixture. Apart from a nutritional function, the sucrose 
acted as an osmoliticum thus preventing the protoplasts from bursting. 
All the cultures were carried out at 27 degrees C in a 16/8 hours day to 
night ratio. Both types of culture slides allow a direct observation of the 
cells under the light or interference-contrast microscope. The vitality of 
cultured cells was detected with fluorescein-diacetate (FDA) according to 
Heslop-Harrison and Heslop-Harrison (1970). Cellulose was traced with chloro-
zinc-iodine, starch with iodine in potassium-iodine (Jensen, 1962). 
For the transplantation experiments we removed one tepal from a flower bud 
and made a small hole in the acceptor anther, using a glass capillar. Next 
tetrads were sucked from a donor anther of a younger flower bud, also using a 
glass capillar, and injected into the acceptor anther, just beside the first 
hole which served as an outlet in case of a too high pressure. Finally the 
flower was reclosed with the dissected tepal and sealed with Mowilith DM2KL 
(Hoechst). This is a modification of the technique of Willemse (1982). 
Observations 
1. The tetrad transplantations. 
A small amount of young tetrads (fig. 1) was transplanted to locules of 
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anthers filled with young free microspores (fig.2). After 48 hours the 
mixture of donor and acceptor cells was removed from the locule and observed. 
The acceptor microspores had turned into bicellate pollen grains (fig.3). In 
15 experiments the donor tetrads had lost their callose walls and accordingly 
had turned into free microspores. In another 10 experiments they still 
possessed their callose walls and accordingly were clearly detectable. In the 
latter experiments two remarkable structural changes had occurred. Firstly, a 
small amount of starch had appeared in the cells (fig.4). Secondly, vacuoles 
were found, randomly dispersed throughout the cell (fig.5). The FDA test 
showed a vitality of 80% for these tetrads after their 48 hours stay in the 
acceptor anther. 
2. The tetrads in vitro on the Nagata and Takebe medium. 
Tetrads cultured on the Nagata and Takebe medium immediately stored a 
large amount of starch, dispersed over just a few huge plastids (fig.6). 
Besides, randomly dispersed vacuole formation was observed (fig.7). After 12 
days in culture some of the cells had expanded to break through the callose 
wall and freed themselves (fig.8). These released cells had been surrounded 
by a rather thick wall which appeared to be cellulosic according to the Chl-
Zn-I test. After these 12 days 30% of the cells were still alive, as revealed 
with the FDA test. These living cells were only found near the edge of the 
drop of medium. After three weeks in culture all the cells had died. 
Artificially enzymatically released tetrad protoplasts developed a cellulose 
wall after two days in culture (figs.9, 10 and 11). 
1. Tetrads of the donor population before transplantation. (95Ox) 
2. Microspores of the acceptor population before the transplanted tetrads 
were injected. (1020x) 
3. Two days after the transplantation the acceptor microspores have turned 
into bicellate pollen grains. (680x) 
4. Two days after the transplantation starch grains can be traced with the 
IKI test in the transplanted tetrads. Also small vacuoles are present 
(arrows). (1425x) 
5. The same population as in fig.5. In some cells larger vacuoles are 
present (arrow). (1425x) 
126 
127 
3. The tetrads in vitro on the glucose solution. 
Young exine-less tetrads with an intact callose wall were cultured in the 
glucose solutions (fig.12). After two days in culture still 90% of the cells 
appeared to be alive, according to a control with the FDA test. Besides, 
little holes had appeared in the callose walls of many of the tetrads 
(fig.13). After six days in culture both the number and size of these holes 
had increased, whereas the vitality was still 80% (fig.14). Like in the 
previous experiment, the cells near the edge of the drop of medium appeared 
to be the longest living ones. The callose digestion had continued, releasing 
some of the microspores (fig.15). However, all of the free microspores 
possessed an exine, contrary to the still encapsulated microspores (fig.15). 
Contrary to the previous in-vitro experiment, formation of neither starch nor 
vacuoles could be observed. After 15 days most of the cells were dead. 
Discussion and conclusions 
The tetrad transplantation experiment was carried out to avoid the natural 
dissolution of callose after meiosis. Besides, the callose wall acted as a 
marker to recognize the donor cells. However, the wall did not show a 
6. Tetrads after two days in culture in the Nagata and Takebe medium. Huge 
starch grains are deposited. (1425x) 
7. The same population as in fig.6. A number of cells form large vacuoles. 
(1425x). 
8. Tetrads after 12 days in culture in the Nagata and Takebe medium. 
Expanding microspores break through the callose wall. They have formed a 
cellulose wall. (950x) 
9. Tetrad protoplasts plasmolyse inside their callose wall due to the 
sucrose concentration (10%), two minutes after incubation in the Nagata 
and Takebe medium with the enzyme mixture. (950x) 
10. After 45 minutes in the enzyme mixture, the main part of the callose has 
been digested and the protoplasts are set free. Vital ones (arrows) can 
be distinguished from lethal shriveled ones. (95 Ox) 
11. After two days in culture in the Nagata and Takebe medium without the 
enzyme mixture, the protoplasts have formed a cellulose wall. (800x) 
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consequent reaction. The dissolution of callose in 60% of the experiments 
means that the callase remains active for some time after the callose 
digestion stage in the acceptor plant. The persisting callose walls in the 
other 40% may be an effect of the technique itself. The more cells are 
transplanted in comparison with the capacity of the acceptor-locule, the 
stronger will be their influence. As in the tetrad stage the pH in the locule 
is higher than in the free microspore stage (Keijzer, unpublished data)/ the 
pH of the locular fluid may have changed. This can decrease the callase 
activity, which is optimal at low pH (Izhar and Frankel,1971). Moreover/ any 
wounding effect due to a too large transplantation hole may have a 
deregulating effect. 
The amount of developed vacuoles is comparable with those in young 
microspores that develop in 48 hours from the initial stage of the donor 
tetrads (ch.5). On the contrary, the amount of starch is far less than in the 
natural case. As the acceptor microspores store much starch in these stages, 
the substrate, which originates presumably from the digested callose walls 
(ch.5), will be abundantly present. The very small amount of starch in the 
transplanted tetrads will not be due to endogenous factors of the cells 
themselves, given the starch synthesis during culture in the Nagata and 
Takebe medium. Accordingly, exogenous factors may play a role, for example in 
case the locular fluid contains no sucrose in this stage (which is the 
substrate in the in-vitro experiment), but other oligosaccharides which can 
not pass the callose wall. This would agree with the inability of large 
molecules to pass the callose wall (Heslop-Harrison and MacKenzie,1967). 
The abundant starch production of the microspores in the medium with 
sucrose means that this sugar can pass the callose wall. The amount of starch 
storing plastids agrees with the natural situation in the microspores after 
12. Young tetrads immediately after the start of the culture in 1% glucose. 
(800x). 
13. After two days in culture in the glucose solution little holes appear in 
the callose walls. (400x) 
14. After six days in culture in the glucose solution the holes have 
enlarged. (800x) 
15. After 15 days in culture in the glucose solution most of the exine 
bearing microspores are set free. The callose walls of the exine-less 
microspores are still intact. (400x) 
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callose digestion (ch.5). Although the vacuolation in the cultured cells is 
also a normal phenomenon after the callose digestion, the randomly chosen 
position of these vacuoles does not coincide with the polarized situation in 
the natural process (ch.5). This apolarization was also observed in the 
transplanted tetrads. This means that the polarity of the cells is disturbed. 
This might be due to a reaction on its environment (i.e. the locular fluid or 
the culture medium), which presumably contacts the cell only via the colpus, 
which has a polarized position in the cell (ch.5). Anyway, the vacuolation is 
an active process, which occurs in spite of the high osmolarity of a medium 
with 10% sucrose. Also the solid cellulose walls of the escaping cells are 
not comparable with the natural situation in which the sporopollenin 
containing exine is deposited (ch.3 and 5). 
In conclusion one could say that the reaction of the cells in the Nagata 
and Takebe medium is a mixture of the normal development and declining 
processes. Especially the deposition of a cellulose wall is comparable with 
the vegetative development of androgenic pollen (as is the intine development 
in the normal situation?). This may be important for androgenic purposes. In 
general the tetrad stage is seldom used as a source for haploid plants 
(Maheshwari et al.,1982), in spite of possible advantages like the absence of 
the exine (a possible growth limitation) or the relatively less proceeded 
generative development. With respect to the latter argument, a possibility to 
detect predestinated vegetatively developing pollen grains (Sangwan and 
Sangwan-Norreel,1985) as early as in the tetrad stage is of great importance. 
The most remarkable differences between the cultures on the Nagata and 
Takebe medium on one hand and the sugar solutions on the other are the 
selective callose digestion and the absence of starch and vacuoles in the 
latter method. The relation between callose digestion and the presence of 
exines indicates a developmental-stage-dependent endogenous factor for the 
digestion. Although the moment of the first observable callose digestion, 
after two days, makes an exogenous (tapetal?) origin of the enzyme rather 
unlikely, any effect of remained callase from the donor locule cannot be 
excluded. Callase production by the tetrads themselves would disagree with 
the assumption that the tapetum does supply the callase (Mepham and 
Lane,1969b; ch.5). The question remains as to why this phenomenon is not 
observed in the Nagata and Takebe medium. Further experiments will show 
whether these differences are effects of either the different carbon sources, 
the inorganic parts of the media or other factors like the pH. Unfortunately, 
it is not yet clear whether the exines had been deposited during the culture 
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or were initially present. 
The absence of starch during the entire culture period in the glucose 
solution indicates the inability of the cell to turn glucose into this 
sucrose polymere. The linked absence of vacuoles, as compared with their 
presence in the starch storing cells in the Nagata and Takebe medium, may be 
due to an osmotic effect. It is plausible that, apart from starch, the cells 
in the latter medium store sucrose as well, which stimulates their 
vacuolation. 
In all the culture experiments a strong relationship existed between the 
lethality and the position of the cells in the drop of medium. It is rather 
clear that insufficient gas exchange is the reason for the premature 
lethality and accordingly the culture method has to be improved in the 
future. 
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General conclusions and discussion 
In this thesis the stamen development is mainly discussed from our 
findings in Gasteria verrucosa and the two Aloe species of chapter 4. Both 
latter species appeared to be almost indistinguishable from G. verrucosa, 
concerning the ultrastructural aspects of anther development. Further 
investigated species were only used to a lesser extent, mainly for 
comparisons with our results from the mentioned three ones. For this, the 
names of the plant species will generally not be used in this part of the 
work. If necessary, they can be found in the frequently referred chapters. 
Since our observations are rather thoroughly discussed in the individual 
chapters, this part will be focussed on the main lines. 
The stamen development 
The stamen develops on behalf of two main purposes: the formation and 
exposure of pollen respectively. The first purpose is mainly the task of the 
tapetum and the sporogenous tissue (ch.1,4,5 and 8). The second implies the 
different steps of anther dehiscence, mainly located in the epidermis (with 
or without stomata) and the endothecium (ch.1,2,4 and 7), and pollen 
dispersal which is enabled by special substances on the surface between the 
(sporophytic) tapetum and the (gametophytic) pollen grains (ch.3 and 5). The 
filament determines the position of the mature pollen in the flower, the 
development of its tip improves the mobility of the dehisced anther (ch.6 and 
7). 
During meiosis the nuclei of the meiocytes change from diploid to haploid, 
which is accompanied by cytoplasmic changes, like the presence of some 
multimembrane-bound vesicles and nucleoids (ch.5). These cytoplasmic changes 
occur to a lesser extent than in Lilium hybrida (Dickinson and Heslop-
Harrison,1977). Immediately after the second meiotic division the haploid 
nuclei stricktly border the periphery of the original pollen mother cell 
(ch.4 and 5). Here a sheet of RER is laid down along the wall, probably 
decreasing the exine deposition to form the colpus (Willemse,1972; ch.5). 
During the late tetrad stage the nuclei migrate to the opposite wall (ch.4 
and 5), probably due to microtubule activity (Van Lammeren et al.,1985). The 
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meiotic callose walls turn the originally irregular cell shape into a 
spherical one, by which the cell can divide into four equally sized and 
shaped microspores, thus excluding any selective influence of size and shape 
during pollination (ch.5). Besides, Waterkeyn and Bienfait (1970) supposed 
that this callose wall might serve as a mold for the exine patterning. 
Furthermore, it works as a filter against large molecules, whereas smaller 
molecules can pass the wall (Heslop-Harrison and MacKenzie, 1967; 
Southworth, 1971). The latter topic was investigated using in-vitro and 
transplantation experiments and some preliminary results were presented 
(ch.8), indeed indicating any selective influence of the wall. The cytomictic 
channels in the callose walls may play a role in the synchronization of the 
meiotic divisions (Heslop-Harrison,1968) as well as in the cytoplasmic 
reallocation in order to make the microspores equally shaped (ch.5). 
During meiosis the (pro-)orbicules are deposited on the inner tangential 
wall of the tapetum cells. They are connected with a tapetal membrane, which 
surrounds the entire tapetal cell. Both structures will contain the 
acetolysis-resistant sporopollenin in a later stage (ch.3,4 and 5). Next the 
meiotic callose walls are digested, together with the pectin and cellulose 
walls of both the pollen mother cells and the tapetum. After these digestions 
the tapetum cells are only covered with the orbicule-bearing tapetal 
membranes and the microspores with the exines. The enzymes for these changes 
originate from the tapetum (ch.3 and 5). However, some callase supply from 
the microspores themselves may not be excluded (ch.8). The callase activity 
may be continued for a relatively long period after the release of the 
microspores (ch.8). The breakdown products of the cell walls are probably 
used for the starch storage in both the tapetum cells and the microspores, by 
which the callose can be seen as an early reserve substance for the further 
development of the pollen grains (ch.5). At least after this starch 
deposition the tapetum can develop independently upon the presence of vital 
microspores (ch.4). Apart from the starch production, the tapetum grows 
strongly in this stage by both the increase of organelles and vacuolation 
(ch.1 and 5) 
The microspores divide into a vegetative and a generative cell, which are 
initially separated by a callose wall without plasmodesmata (ch.3 and 5). 
Thanks to its polarity, which is due to both microtubule activity (Van 
Lammeren et al.,1985) and vacuolation, the generative cell receives a small 
part of the cytoplasm, without any plastids (Schroder, 1985; ch.5). Apart from 
the absence of plastids from the sperm cell after fertilization, this 
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phenomenon may be important for manipulations with isolated sperm cel ls for 
breeding purposes (Wilms e t al . ,1985; Keijzer e t al ,1986). As the uptake of 
locular substances presumably occurs through the colpus (Rowley and 
Flynn,1971; Christensen and Horner,1974; Pacini ,1986), the presence of a 
ca l lose wal l temporary cuts the generat ive c e l l off, not only from the 
vege ta t ive c e l l , but a l so from locular supply, which may be r e l a t e d to i t s 
declining development. This i s a direct result of the polarity in the pollen 
grain (ch.5). After the d i s so lu t ion of the ca l lose wall the generat ive c e l l 
i s t ied off from the int ine, which occurs in close association with stacks of 
RER (ch.5). We could not find microtubule act ivi ty in th is process unt i l now 
(Van Lammeren et al.,1985), contrary to other species (Dickinson, 1975). Once 
t h i s process has f in ished, the generat ive c e l l tu rns in to a spindle shape, 
which i s maintained by microtubules (Van Lammeren et al.,1985). Finally i t i s 
surrounded by the vegetative nucleus (ch.5), in which tubulin may be involved 
(Van Lammeren et al.,1985). This association is maintained in the dehydrated 
pollen grain after dehiscence (Keijzer et al.,1986) and may be a preparation 
for the transport of the nuclei through the pollen tube. 
From the young microspore s tage the s t a rch in the t a p e t a l p l a s t i d s 
gradually turns into a l ip id- l ike substance, after which the plast ids fuse 
with each other and with the content of the RER to form a large amount of 
p o l l e n k i t t (ch.3). The other c e l l contents degenerate (ch.3,4 and 5). The 
amount of cytoplasm in the pollen grains increases sharply. The starch in the 
vegetative ce l l i s dispersed over many smaller elaioplasts. Furthermore, a 
large amount of l ip id droplets appear and form the main part of the reserve 
substance in the mature pollen grain (ch.5), according to the classif icat ion 
of Baker and Baker (1979). During th is process the locular fluid disappears 
(ch.1). I t may be taken up by the po l len grains (ch.1) or by the epidermis 
and endothecium c e l l s (ch.4). The pol len grains expand due to t h e i r 
cytoplasmic increase, in spite of the disappearance of the vacuoles (ch.5). 
Finally they exceed the capacity of the locules and press themselves together 
with the orbicule-covered tapetal membrane into the tapetum cel ls . In th i s 
way the p o l l e n k i t t i s t r ans fe r r ed by cap i l l a ry ac t ion in to the locu le , 
between the pollen grains (ch.3). The moment and duration of transfer during 
the tapetal development may determine whether the pollen grains are covered 
with merely pollenkit t or with a mixture of pollenkit t and tryphine (ch.4). 
The pressure of the pol len grains mentioned above, s t i c k s them to the 
orbicule-covered locule wal l . Since e i t h e r the p o l l e n k i t t , the t a p e t a l 
membranes with the orbicules and the exines are hydrophobic, a hydrophobic 
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sticking complex between pollen and locule wall is created (ch.3). After 
anther dehiscence the sticking properties of this system appear to resist wet 
circumstances, thus preventing an undesired loss of pollen (ch.3). 
As mentioned before, the processes of anther dehiscence are mainly due to 
the activity of the epidermis and the endothecium, apart from a specially 
developing tissue between each two bordering locules: the septum. Most of 
these processes, which will be described in the next paragraphs, have been 
reported in chapter 2. 
The first signs of the dehiscence process can be observed in the septum. 
Before the deposition of wall thickenings in the endothecium, starch can be 
observed in the endothecium (ch.5), except in the site where two locules 
border each other, which is the earliest possibility to recognize the septum 
as such. In the stage in which the generative cell is tied off from the 
intine, the cells of the septum dissociate by the lysis of their middle 
lamellae. From that moment the locules are kept close only by the tapetal 
membranes, which are ruptured in a later stage by the mechanical force of 
either the expanding pollen grains (ch.1,3 and 5) or the inward turning 
locule walls. After this rupture the stomium is only kept close by the 
epidermis. Now the two pollen populations can use the space of the two 
locules, which they can enlarge in case they exceed the capacity of the two 
locules due to their expansion. 
The opening of the stomium is preceded by structural changes in both the 
epidermis and the endothecium. In these layers a part of the starch 
disappears in the later stages of anther development (ch.5) and the cells 
swell by vacuolation (ch.1 and 5). Breakdown products of the starch may 
increase the osmotic pressure, thus increasing the vacuolation. This was 
demonstrated by Woycicki (1924b) in the huge epidermis cells which are 
bordering the stomium of lily anthers. The needed water may originate from 
the locular cavity (ch.4). Besides, U-shaped wall thickenings are deposited 
in the endothecium cells, causing a rigid inner tangential wall but 
preserving the elasticity of the outer one (ch.3,4 and 5). The thickenings on 
the radial and transverse walls maintain a functional distance between the 
two differently reacting tangential walls. The signal for the deposition of 
these thickenings originates from inside each individual locule wall (ch.4), 
presumably from the tapetum (De Fossard,1969). The collaboration of a 
swelling epidermis and endothecium on one hand and the rigid inner tangential 
endothecium wall on the other bends the locule walls in centripetal 
direction. The forces of two bordering locule walls cause the mechanical 
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rup tu re of one of the r a d i a l wa l l s between the smal l epidermis c e l l s of the 
stomium, which i s opened i n t h i s way. Next t he se inward bending locu le w a l l s 
keep t h e a n t h e r c l o s e d , i n s p i t e of t h e opened s tomium. T h i s p r e v e n t s t h e 
premature loss of po l l en i n t o t h e cav i ty of t h e c losed f lower bud as we l l as 
premature dehydration and dehiscence of the an ther (ch.7). This conf igura t ion 
i s the f i n a l s i t u a t i o n in the c losed flower bud in many spec ies . 
The next s t ep i s the dehiscence of the an ther , due to the outward bending 
locu le wa l l s a f t e r the dehydration of the epidermis and the endothecium. This 
mechanism works cont rary t o the inward bending movement of the previous s t ep . 
In most of t h e i n v e s t i g a t e d s p e c i e s t h i s d e h y d r a t i o n i s a d i r e c t r e s u l t of 
a n t h e s i s , as the r e l a t i v e humidity of the a i r around the an thers decreases a t 
t h a t moment, thus i nc reas ing the evaporat ion. The presence of pigments i n the 
epidermis may increase the temperature in these c e l l s a f t e r l i g h t absorpt ion 
and improve t h e e v a p o r a t i o n (Hannig, 1910). The e v a p o r a t i o n i s s t r o n g l y 
a c c e l e r a t e d by c o n t i n u o u s l y open s t o m a t a on t h e a n t h e r , whose p r e s e n c e 
depends upon t h e s p e c i e s (ch .7) . In t h i s way t h e y i n f l u e n c e t h e moment of 
p o l l e n e x p o s i t i o n and may d e t e r m i n e phenomena l i k e protandry or protogyny 
(ch .7) . I f p r e s e n t , s t o m a t a a r e m o s t l y r e s t r i c t e d t o t h e c o n n e c t i v e t i s s u e 
(Kenda,1952). Apart from evaporat ion, water may be r e t r a c t e d from the anther 
t o t h e f i l a m e n t , i n which a sudden breakdown of s t a r c h i s o b s e r v e d s h o r t l y 
before anther dehiscence (ch.6). In t h i s way an osmot ica l uptake of water may 
occur, comparable wi th the process in the anther epidermis before the stomium 
i s opened. The f i l aments of the grasses presumably posses s p e c i a l mechanisms 
t o prevent fu r the r water supply t o t h e anther a t dehiscence (ch.2 and 7). 
I n t h e e p i d e r m i s c e l l s a n o t h e r r e m a r k a b l e s t r u c t u r a l change can be 
observed, as t h e outer t a n g e n t i a l wa l l p rogres s ive ly forms r idges from the 
microspore m i t o s i s s t age , by which the c u t i c u l a r surface i s enlarged (ch.2,4 
and 5) . Synchronous ly t h e c u t i c l e i s t h i c k e n e d (ch.2,4 and 5) . We r e l a t e d 
these changes t o both r i g i d i t y and an evaporat ion promoting funct ion (ch.5). 
The l a t t e r funct ion became l e s s l i k e l y a f t e r we found these phenomena a l s o t o 
occur p r o g r e s s i v e l y from t h e t i p t o t h e b a s e of t h e f i l a m e n t (ch.6) and on 
o t h e r f l o r a l p a r t s (Wi l l emse and F r a n s s e n - V e r h e i j e n , 1 9 8 6 ) which do no t 
dehydrate a f t e r a n t h e s i s (ch.6). However, t he ques t ion remains as t o why the 
a n t h e r has a b e t t e r a b i l i t y t o e v a p o r a t e i n o l d e r t h a n i n younger s t a g e s 
( c h . 1 ) . 
A f t e r d e h i s c e n c e t h e p o l l e n of en tomophylous s p e c i e s i s s t i c k e d by t h e 
p o l l e n k i t t t o the o rb icu le s on the i n s ide -ou t bent locu le w a l l s , as descr ibed 
b e f o r e . The p o s i t i o n of t h e so formed p o l l e n s o u r c e may be o p t i m a l i z e d i n 
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relation to the pollen vectors by the strong shrinkage of the also 
dehydrating filament tip, which enables the dehisced anther to dangle on the 
filament (ch.7). 
Apart from the relationship between dehiscence and the wall thickenings in 
the endothecium, most of the dehiscence-related mechanisms were unknown or 
forgotten until now. Woycicki (1924a and b) approached the dehiscence process 
in the best way with his description of the septum and stomium opening 
mechanisms in the lily anther. In general, most of the literature on anther 
dehiscence is very old and deals with light microscopy and often very 
ingenious manipulation experiments. 
The role of the different tissues of the stamen 
As a result of the functional-morphological study we can present the main 
functions of the different tissues. 
The anther epidermis regulates the opening of the stomium and the 
movements of the locule walls by its changing water volume, in a close 
collaboration with the endothecium. This water may originate from the 
dehydrating locular cavity towards maturity. The thickening outer tangential 
epidermis wall and thickening and extending cuticle probably act as a 
solidifying structure. Its continuously open stomata probably enable the 
exchange of gas. Part of this gas may be used to fill the locular cavity 
after the disappearance of the locular fluid, but may also be transported 
through the prominent intercellular spaces in the filament and the connective 
tissue. Besides, the stomata are the main pathway for evaporation and thus 
can regulate the speed of dehiscence in this way. 
The endothecium changes its amount of water synchronously and with the 
same effect as the epidermis, thus supporting the function of the latter. The 
deposition of the U-shaped wall thickenings on the inner tangential walls of 
these cells enable the changing volumes of the epidermis and endothecium 
cells to cause a bending movement. The continuation of these thickenings on 
the transverse and radial walls of the cells maintain the distance between 
the moving and rigid structures and accordingly strengthen the mentioned 
effect of the voluminal changes. 
The middle layer cells may have different functions. They might support 
tapetal functions which can be observed by the more or less synchronous 
degeneration of these two layers. Besides, remnants of the middle layer 
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cytoplasm are part of the tryphine. In spite of their continuous radial 
flattening, the capacity of the middle layer cells partly determines the 
capacity of the locular cavity. This means that the moment of their 
degeneration may influence the amount of pollenkitt, which is transferred to 
the locule by the pressure of the expanding pollen grains. If the middle 
layer cells persist until maturity, their amount of water may influence the 
speed of dehydration and thus the speed of dehiscence. 
The tapetal functions have recently been reviewed by Pacini et al. (1985). 
Beside these functions we presume a main role of this tissue in the 
regulation of the cell wall changes of both its own cells and the developing 
pollen grains. This also includes the change from hydrophylic to hydrophobic 
wall materials on the border between the sporophyte and the gametophyte. In 
our opinion the main function of the tapetal membranes with the orbicules is 
the creation of such a surface, which behaves physically similar to the 
exines. Together with the pollenkitt it forms a non-wettable sticking complex 
in favour of an optimal dispersal of pollen. 
The function of the sporogenous tissue is the development of mature 
pollen. This process has often been reviewed (see ch.5). Apart from these 
general lines, we propose two additional mechanisms during pollen 
development. Firstly, both the shape of the meiotic callose walls and the 
presence of cytomictic channels enable the formation of equally sized and 
shaped microspores from each pollen mother cell, thus preventing the 
influence of these factors during pollination. Secondly, the polarity in the 
developing pollen grains after meiosis may temporary cut off the generative 
cell from both the vegetative cell and the locular fluid and therefore may 
support the start of its declining development. 
The role of the connective tissue remained difficult to explain, apart 
from its epidermis with or without stomata, the role of which was described 
before. Substances from the vascular bundle towards the locules must be 
transported through this tissue, but the storage of reserve substances hardly 
takes place. Its capacity will influence the speed of evaporation and anther 
dehiscence, comparable with a possible role of the middle layer (and the 
other water containing locule tissues) in this process. 
The epidermis of the filament shows a developmental gradient from the tip 
to the base. Near the tip its outer tangential wall and cuticle change in the 
same way as the anther epidermis, but these changes disappear progressively 
down to the base. As premature degeneration also proceeds in both the 
epidermis and the parenchyma from the tip to the base, these epidermal wall 
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structures may have a rigidity function, like we proposed for the anther 
epidermis. Moreover, the thickened corners of the inner tangential epidermis 
walls may play a similar role. 
The parenchyma of the filament stores starch and lipids, which suddenly 
disappear shortly before dehiscence. This may effect an osmotic water 
retraction from the anther in favour of dehydration and dehiscence. The 
prominent intercellular spaces may be covered with a cuticle, which suggests 
the transport of gas. This may be used to fill the increasing capacity of the 
growing flower bud and the dehydrating locular cavity before dehiscence. 
In the tip of the filament all the tissues dehydrate and shrivel before or 
during dehiscence, presumably to promote the mobility of the anther on the 
filament in favour of an optimal interrelationship with the pollen vectors. 
During this process the tracheary elements in this region remain open and no 
water barrier between the dehydrating anther and the turgescent filament can 
be found. 
The role of the vascular bundle has not thoroughly been investigated in 
this thesis, nor has been the composition of its contents. One remarkable 
process is the appearance of callose between some of the sieve elements 
shortly before dehiscence. 
Possible applications for plant breeding purposes 
Apart from their scientific value, some of our findings can be used to 
develop applicable techniques. 
A decrease of the relative humidity inside the flower appeared to be 
lethal for the anthers. Moreover, the opening mechanism of at least the 
stomium appeared to be blocked (ch.1 and 2). When we artificially decapitated 
a flower bud of the lily before the opening of the stomium, these processes 
also occurred, whereas the pistil remained vital. Such an induction of male 
sterility might be an effective way to prevent self-pollination in crops that 
are difficult to emasculate. 
Selection against the possession of stomata on the anthers may lead to 
protogynlc plants ("temporary male sterile") which can facilitate hybrid seed 
production. The same effect may be obtained after increasing the relative 
humidity in a greenhouse, which keeps the anthers closed for a longer time. 
The use of tetrads for androgenic purposes may be advantageous in 
comparison with the generally used free microspores. The low responses from 
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the latter cells are presumably due to their irreversible gametogenic 
differentiation. Young tetrads may not have reached this irreversible stage. 
The knowledge of the normal process of microsporo- and microgametogenesis is 
indispensable for an early selection of such cells in favour of androgenic 
characteristics. This knowledge is also necessary to use the different 
application possibilities of generative and sperm cells, like the raise of 
inbred lines from microspores during the first mitosis (Keijzer,1984a; Wilms 
and Keijzer,1985; Keijzer et al.,1986) 
A note on the techniques 
During these investigations some techniques have been developed or 
existing ones were improved. 
The microscopical observation of developing living tissues has been 
improved in two different ways. Firstly, the stereo microscopical 
observations inside living anthers (ch.2) offers possibilities for research 
on a histological level. Secondly, the dehydration processes in the vacuum of 
the SEM presented clearly observable simulations of the natural processes 
(ch.2 and 7). 
The clearing solution of Herr (1971) was used succesfully to reveal 
sporopollenin structures in anthers (ch.4). 
The fluorescent dyes Calcofluor white M2R and aniline blue appeared to be 
applicable on ultrathin (TEM-) sections (ch.6). The parts of these sections 
that are situated on the bars of a TEM grid became visible by this technique, 
when observed under a microscope with incident UV light. 
The sectioning of critical point dried tissues enabled us to use the SEM 
for the observation of the internal morphology of tissues (ch.3 and 6). In 
the near future this technique will be extended to the level of cells and 
organelles, having some advantages in comparison with the cryo-technique of 
Tanaka and Mitsushima (1984). 
The intraspecific transfer of developing pollen to older locules, in order 
to asynchronize the development of bordering tissues, have given some 
preliminary results. Also this technique will be improved in the future. 
143 
Summary 
In this thesis the development of the stamen is investigated, using 
structural and histochemical observations, micromanipulation and in-vitro 
culture. 
Formation and exposure of pollen are the two main goals of the developing 
stamen. The main processes of the pollen formation were already known. In 
this thesis they are critically evaluated and some additional functions of 
the observed structures and processes are proposed. Moreover, the pollen 
formation process appears to have direct connections with the processes 
leading to pollen exposure, including anther dehiscence. Although the latter 
process was investigated by some researchers around the turn of our century, 
it was in the main unknown until now. In this thesis the old works were 
reviewed and completed with additional research to a description of the 
entire anther dehiscence process. Also the development of the filament had 
been hardly described until now and appears to have specialized relationships 
with pollen exposure. 
In chapter 1 the changes in the water content of the developing anther 
tissues are described. The most striking changes occur at anthesis when the 
dehydration of the locule wall causes anther dehiscence. This is immediately 
followed by the dehydration of the pollen, indicating that both these 
dehydrations are due to evaporation. In case the relative humidity in the 
flower bud is artificially decreased in different stages of its development, 
the evaporation ability of the anthers appears to be better shortly before 
anthesis than in younger stages. This indicates any preparation on 
dehydration in the oldest stages in favour of dehiscence. 
In chapter 2 the process of anther dehiscence is analysed. It appears to 
consist of 4 major steps. 
1. The enzymatical opening of the tissue (septum) between each two adjacent 
locules. 
2. The mechanical rupture of the tapetal membranes that are bordering these 
sites. 
3. The inward bending of the locule walls, due to the expansion of the 
epidermis and endothecium cells and the rigidity of the inner tangential 
endothecium wall. This movement dissociates the epidermis cells of the 
stomium mechanically and keeps the thus opened anther closed, preventing 
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premature loss of pollen. 
4. The outward bending of the locule walls, due to the dehydration of the 
epidermis and endothecium cells and the rigidity of the inner tangential 
endothecium wall. This mechanism works contrary to the former movement 
and is caused by evaporation, in most species due to the entrance of 
relatively dry air in the flower bud after anthesis. 
After dehiscence the pollen grains of most animal pollinated species remain 
stuck on the inside-out bent locule wall by means of the tapetum-derived 
pollenkitt. 
Chapter 3 describes the synthesis of this pollenkitt in the tapetum cells. 
Next this substance is transferred by capillary action to the locule, after 
the expanding pollen grains have pressed themselves into the tapetum cells. 
This sticks the pollen grains to the locule wall, from where they can be 
picked up after dehiscence by a pollinator. As after meiosis the cell walls 
on the border between the locule wall and the pollen grains change from 
hydrophylic to hydrophobic and the pollenkitt is also hydrophobic, this 
sticking complex is resistant against moisture. This prevents an undesired 
loss of pollen after dehiscence. If the expansion of the pollen grains is 
prevented artificially, the pollenkitt stays inside the tapetum cells, 
turning the plant into a wind pollinator. 
In chapter 4 the degeneration of the microspores in a male sterile species 
is related to accompanying deviations as well as normal processes in the 
locule wall. The premature degeneration prevents the expansion of the pollen 
grains in this species and also in this case the pollenkitt remains inside 
the tapetum cells, which agrees with the proces described in the previous 
chapter. The tapetum develops in a normal way and appears to be independent 
upon the presence of developing pollen grains, as is most of the development 
of both the epidermis and the endothecium. However, in the regions of the 
anther where the locular fluid is sucked away in an early stage, due to the 
male sterility, dehiscence does not take place, indicating that the needed 
expansion of the epidermis and the endothecium for this process (ch.2) may be 
due to water retraction from the locular cavity. 
In chapter 5 an ultrastructural analysis of the developing locule tissues 
is presented. Ultrastructural changes in the epidermis and the endothecium 
can be related to the dehiscence processes of chapter 2. The changes on the 
border between the locule wall and the pollen grains from hydrophylic to 
hydrophobic properties, outlined in chapter 3, appear to be due to tapetal 
activity. 
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The meiotic callose walls equalize the size and shape of the future pollen 
grains, excluding any influence of these factors during pollination. 
The developing pollen grains are polarized cells from their formation 
upon meiosis. This may result in the deviating differentiation of the 
generative cell, firstly by the exclusion of plastids, secondly by the 
isolation of this cell from both the vegetative cell and the locule. This 
isolation is a result of the presence of a callose wall between both cells 
and the position of the generative cell in relation to the site of the 
colpus. 
In chapter 6 an impression is given of the filament development. This 
organ shows a developmental gradient from its tip to its base. Premature 
degeneration proceeds from the tip to the base and is accompanied by the 
thickening of both the outer tangential epidermal wall and the cuticle and 
the enlargement of the surface of the latter. This supports our idea that 
these epidermal changes improve the rigidity. The presence of a cuticle in 
some of the intercellular spaces of the filament indicates gas transport, 
possibly towards the drying locule that was described in chapter 1. 
In chapter 7 structural differences in the filament tip and the connective 
tissue of three different species are related to their speed of dehydration 
and anther dehiscence. Closing the stomata of an anther appears to retard 
dehiscence, thus indicating their important role in this process. This idea 
is supported by the slow dehiscence of a stomata-less anther. Apart from this 
acceleration of dehiscence, the stomata may play a role in the drying of the 
locule (ch.1), which was also related to the intercellular spaces of the 
filament (ch.6). In some species the filament tip dehydrates and shrivels 
together with the dehydration of the dehiscing anther, which enables the 
latter to dangle on the filament, probably in favour of an optimal 
collaboration with the pollinators. Any role of this shriveling filament tip 
in the prevention of water supply to the anther is unlikely, as the tracheary 
elements remain open in this zone, which is demonstrated in chapter 6. 
In chapter 8 the reactions of explanted tetrads in older anthers or in 
vitro indicate a selective influence of the callose on the transfer of 
substances to the microspores. This supports the already existing theory 
about the role of this wall, apart from its shaping function that we 
described in chapter 5. The polarity of the microspores, as described in 
chapter 5, disappears after the explantations, indicating a great influence 
of the environment on this phenomenon. 
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Samenvatting 
In d i t p r o e f s c h r i f t wordt de ontwikkel ing van de meeldraad onderzocht door 
middel van s t r u c t u r e l e en his tochemische waarnemingen, micromanipulat ie en in 
v i t r o c u l t u u r . 
De twee hoofddoelen van de zich ontwikkelende meeldraad z i j n de vorming en 
a f g i f t e van s t u i f m e e l . Van de s t u i f m e e l o n t w i k k e l i n g waren de h o o f d l i j n e n 
r e e d s bekend. In d i t p r o e f s c h r i f t worden deze k r i t i s c h b e z i e n en word t een 
a a n t a l nieuwe func t ies aan de waargenomen s t r u c t u r e n en processen toegekend. 
Voorts b l i j k t h e t proces van stuifmeelvorming d i r e c t e verbanden t e b e z i t t e n 
met de processen d ie le iden t o t a f g i f t e van he t s tu i fmee l , i n c l u s i e f he t open 
g a a n van de h e l m k n o p . Hoewel d i t l a a t s t e p r o c e s r e e d s d o o r e n k e l e 
onderzoekers rond de l a a t s t e eeuwwisseling was onderzocht, was h e t toch voor 
h e t g r o o t s t e d e e l t o t op heden nog onbekend geb leven . I n d i t p r o e f s c h r i f t 
werden deze oude p u b l i c a t i e s samengeva t en aangevu ld met n ieuwe gegevens , 
waardoor h e t gehele proces van h e t opengaan van de helmknop beschreven kon 
worden. Ook de o n t w i k k e l i n g van de he lmdraad was t o t op heden n a u w e l i j k s 
beschreven en b l i j k t gespec ia l i see rde r e l a t i e s t e hebben met de a f g i f t e van 
s tu i fmeel . 
I n h o o f d s t u k 1 w o r d e n de v e r a n d e r i n g e n i n h e t w a t e r g e h a l t e van 
ve r sch i l l ende helmknopweefsels b e s c h r e v e n . De b e l a n g r i j k s t e v e r a n d e r i n g e n 
vinden p l a a t s t i j d e n s h e t openen van de bloem, wanneer de ui tdrogende wanden 
van de helmhokjes de helmknop openen. Dit wordt onmiddel l i jk gevolgd door he t 
u i t d r o g e n van de s t u i f m e e l k o r r e l s , h e t g e e n a a n g e e f t d a t b e i d e 
u i t d r o g i n g s p r o c e s s e n h e t gevo lg z i j n van verdamping . Wanneer de r e l a t i e v e 
luchtvocht ighe id in de bloemknop kunstmat ig wordt ver laagd in ve r sch i l l ende 
o n t w i k k e l i n g s s t a d i a , b l i j k t de m o g e l i j k h e i d t o t ve rdamping v a n u i t de 
helmknoppen v l a k voor h e t opengaan van de bloem b e t e r t e z i j n dan i n de 
jongere s t a d i a . Dit geeft een of andere voorbereiding op voch tve r l i e s in de 
oudere s t a d i a aan, t en gunste van he t opengaan van de helmknoppen. 
In hoofdstuk 2 wordt he t openingsprocess van de helmknop geanalyseerd. Het 
b l i j k t u i t 4 hoofdonderdelen t e bes taan . 
1. Het e n z y m a t i s c h openen van h e t w e e f s e l (septum) t u s s e n i e d e r e twee 
aangrenzende helmhokjes. 
2 . Het mechanisch verscheuren van de tapetummembranen d ie aan deze p l a a t s 
grenzen. 
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3. Het naar binnen buigen van de wanden van de helmhokjes, ten gevolge van 
het uitzetten van de epidermis- en endotheciumcellen en de stugheid van 
de binnenste tangentiale endotheciumwand. Deze beweging scheurt de 
epidermiscellen van het stomium mechanisch van elkaar los en houdt tevens 
de op deze wijze geopende helmknop gesloten, waardoor vroegtijdig verlies 
van stuifmeel voorkomen wordt. 
4. Het naar buiten buigen van de twee helmhokwanden, tengevolge van de 
uitdroging van de epidermis- en endotheciumcellen en de stugheid van de 
binnenste tangentiale endotheciumwand. Dit mechanisme werkt precies 
tegengesteld aan de beweging uit de vorige stap en wordt veroorzaakt door 
verdamping, in de meeste gevallen ten gevolge van het binnenstromen van 
relatief droge lucht in de zich openende bloemknop. 
Na het openen van de helmknop blijven de stuifmeelkorrels van de meeste 
dierbestuivende soorten op de binnenstebuiten gekeerde helmknopwand 
vastgeplakt zitten door middel van de, uit het tapetum afkomstige, 
pollenplakstof. 
Hoofdstuk 3 beschrijft de synthese van deze plakstof in de tapetumcellen. 
Vervolgens wordt deze stof door capillaire zuiging de helmhokjes in gezogen, 
nadat de zwellende stuifmeelkorrels zichzelf in de tapetumcellen hebben 
gedrukt. Dit plakt hen aan de wand van het helmhokje vast, van waar ze na het 
openen van de helmknop door een bestuiver kunnen worden meegenomen. Aangezien 
na de reductiedeling de celwanden op de grens tussen helmhokwand en 
stuif meelkorrels van wateropnemend in wateraf stotend veranderen en ook de 
pollenplakstof waterafstotend is, is dit plaksysteem vochtbestendig. Dit 
voorkomt ongewenst stuifmeelverlies nadat de helmknop is opengegaan. Wanneer 
het zwellen van het stuifmeel kunstmatig voorkomen wordt, blijft de 
pollenplakstof in de tapetumcellen, waarbij de plant in een windbestuiver 
verandert. 
In hoofdstuk 4 wordt de degeneratie van de jonge stuifmeelkorrels in een 
mannelijk steriele soort in verband gebracht met zowel afwijkende als normale 
processen in de wand van het helmhokje. De vroegtijdige degeneratie voorkomt 
het zwellen van de stuifmeelkorrels in deze soort en ook in dit geval blijft 
de pollenplakstof in de tapetumcellen achter, hetgeen overeenkomt met het 
proces uit het vorige hoofdstuk. Het tapetum ontwikkelt zich op normale wijze 
en blijkt dus onafhankelijk te zijn van de aanwezigheid van zich ontwikkelend 
stuifmeel, hetgeen ook geldt voor het grootste deel van de ontwikkeling van 
de epidermis en het endothecium. Alleen in de zones van de helmknop waar de 
helmknopvloeistof vroegtijdig wordt weggezogen, ten gevolge van de mannelijke 
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s t e r i l i t e i t , springt de helmknop nie t open, hetgeen aangeeft dat de benodigde 
zwel l ing van de epidermis en het endothecium een gevolg kan z i jn van 
waterontrekking aan de helmhokholte. 
In hoofds tuk 5 wordt een u l t r a s t r u c t u r e l e ana ly se van de z i ch 
ontwikkelende helmhokweefsels gegeven. Ultrastructurele veranderingen in de 
epidermis en het endothecium kunnen in verband worden gebracht met he t 
openspringen van de helmknop, zoals dat in hoofdstuk 2 werd beschreven. De 
veranderingen op de grens tussen de helmknopwand en de stuifmeelkorrels van 
wateropnemend in waterafstotend, die in hoofdstuk 3 werden behandeld, blijken 
het gevolg te zijn van tapetumactiviteit . 
Tijdens en na de reduc t i ede l ing maken de callosewanden de toekomstige 
stuifmeelkorrels gelijk van grootte en vorm, daarmee elke invloed van deze 
factoren tijdens de bestuiving uitsluitend. 
De zich ontwikkelende stuifmeelkorrels zijn gepolarizeerde cellen, direct 
vanaf hun vorming na de reduc t iede l ing . Dit kan een oorzaak z i jn van de 
afwijkende ontwikkeling van de generat ieve e e l , t en e e r s t e door de 
u i t s lu i t ing van plastiden, ten tweede door de i so la t i e van deze eel van zowel 
de vegetatieve eel als de helmhokholte- Deze i so la t ie i s een gevolg van de 
aanwezigheld van een callosewand tussen beide ce l l en en de p o s i t i e van de 
generatieve eel ten opzichte van de plaats van de kiempore. 
In hoofdstuk 6 wordt een indruk gegeven van de ontwikkeling van de 
helmdraad. Dit orgaan vertoont een ontwikkelingsgradient van de top naar de 
basis. Vroegtijdige degeneratie treedt op van de top naar de basis, vergezeld 
door de verdikking van zowel de buitenste tangentiale epidermiswand als de 
cuticula en de oppervlaktevergroting van de cuticula. Dit versterkt ons idee 
dat deze veranderingen dienen t e r vergro t ing van de s tev igheid . De 
aanwezigheid van een cuticula in sommige van de in terce l lu la i re holten van 
de helmdraad geeft het transport van gas aan, mogelijk naar de uitdrogende 
helmhokholte die in hoofdstuk 1 werd beschreven. 
In hoofdstuk 7 worden structurele veranderingen in de top van de helmdraad 
van drie verschillende plantesoorten in verband gebracht met de snelheid van 
wa te rve r l i e s en dus het openen van de helmknop. Het s l u i t e n van de 
huidmondjes van een helmknop b l i j k t het opengaan van deze helmknop t e 
vertragen, waarmee hun belangrijke rol in d i t process wordt aangegeven. Dit 
idee wordt nog versterkt door het langzame opengaan van een helmknop zonder 
huidmondjes. Behalve b i j he t versne l len van he t openspringen, kunnen de 
huidmondjes ook een r o l spelen b i j het ui tdrogen van de helmhokholte 
(hoofdstuk 1), hetgeen ook in verband werd gebracht met de in terce l lu la i re 
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hol ten van de helmdraad in hoofdstuk 6. In sommige p l an t e soo r t en droogt en 
kr impt de top van de helmdraad samen met de openspringende helmknop, waardoor 
deze kan bunge len aan de h e l m d r a a d , m o g e l i j k t e n behoeve van een o p t i m a l e 
samenwerking met de b e s t u i v e r s . Een r o l voor deze v e r s c h r o m p e l e n d e 
h e l m d r a a d t o p i n h e t voorkomen van w a t e r t o e v o e r naa r de helmknop i s 
onwaarsch i jn l i jk , aangezien de t r a c h e a l e elementen in deze zone open b l i j v e n , 
hetgeen in hoofdstuk 6 wordt aangetoond. 
In hoofdstuk 8 geven de r e a c t i e s van geexplanteerde t e t r a d e n in v i t r o of 
i n oude re helmknoppen en i n v i t r o aan d a t de c a l l o s e w a n d een s e l e c t i e v e 
i n v l o e d u i t o e f e n t op h e t doorgeven van s t o f f e n aan de z i c h o n t w i k k e l e n d e 
s tu i fmee lko r r e l s . Dit onders teunt de reeds bestaande t h e o r i e over de r o l van 
deze wand, a f g e z i e n van z i j n vormgevende f u n c t i e d i e we i n hoo fds tuk 5 
b e s c h r e v e n . De p o l a r i t e i t van de c e l l e n (hoofds tuk 5) v e r d w i j n t na de 
e x p l a n t a t i e s , h e t g e e n een d u i d e l i j k e i n v l o e d van de omgeving op d i t 
v e r s c h i j n s e l aangee f t . 
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